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TRANSLATOR'S   PREFACE. 


The  volume  now  offered  to  the  members  of  the  Cavendish  Society 
is  the  first  part  of  a  translation  of  Gmelin's  "  Handbuch  der 
Chemie"  comprising  the  General  Laws  of  Chenucal  Action,  and 
the  Chemical  Relations  of  Light,  Heat,  and  Electricity.  The 
publication  of  the  last  edition  of  this  Great  Standard  Work  was 
commenced  by  the  author  in  1843, — since  which  time,  these 
branches  of  science  have  been  enriched  by  many  important  dis- 
coveries.  A  full  account  of  the  whole  of  these  researches  wonld 
have  extended  the  volume  to  too  great  a  length ;  I  have  therefore 
contented  myself  with  introducing  the  most  important.  The  prin- 
cipal additions  relate  to  the  following  subjects : — Relations  betw^n 
Atomic  Weight  and  Density ; — ^Relation  of  Light  to  Magnetism ; 
the  Calotype  Process  ;  Thermography ; — Radiation  and  Conduc- 
tion of  Heat  J  Expansion;  Spedfic  Heat;  Latent  Heat  of  Liquids 
and  of  Vapours ;  Tension  of  Vapours ;  Liquefaction  and  Solidifi- 
cation of  Gases ;  Development  of  Heat  in  Chemical  Combination ; 
Decomposition  of  Water  by  Heat ; — Development  of  Electricity  by 
the  escape  of  High-pressure  steam ;  Grove's  (}as  Voltaic  Battery ; 
and  the  Magnetic  Condition  of  all  Matter. — Additions  have  like- 
wise been  made  to  the  list  of  Memoirs  at  the  heads  (^the  chapters. 
The  new  matter  is  kept  quite  distinct  from  the  original;  more 
complete  incorporation  would  have  required  alterations  in  the  text, 
which  a  translator  is  by  no  means  justified  in  making. 

The  decimal  weights  and  measures  employed  iu  the  original 
have  been  retained  in  the  translation.  If  it  should  be  thought 
necessary,  in  any  particular  instance,  to  ascertain  the  equivalent 
values  in  the  English  system,  the  required  data  will  be  found  in  a 
table  near  the  beginning  of  the  work  (p.  ix).  For  the  most  part, 
however,  such  reductions  may  be  entirely  dispensed  with :  for 
scientific  chemistry  is  more  concerned  with  relative  than  with 
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•boolute  magnitndes;  and  therefore,  the  particular  unit  or  mode  of 
sabdivision  adopted  is  nnimportant,  except  in  so  far  as  convenience 
and  simplicity  are  concerned ;  and  in  these  respects,  the  decimal 
system  is  incomparably  superior  to  every  other.  In  some  few 
instances,  in  which  absolute  magnitudes  are  of  special  importance, 
the  English  equivalents  are  given  in  addition  to  the  original  data 
in  the  decimal  system, 

H.  W. 

Umvatity  Colleger 
Jkcmber,  1848. 
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MUscJierlicli  Lclirh. — Ix'hrbuch  der  Chemic,  von  E,  Mitscherlkh.     Aud.  2. 

iV-rlin.     1834-40.     2  Vol. 
Graham  KUrumts. — Elements  of  Chemistry,  by  Thomas  Graham.     Loiidoa. 

1842.     New  edition.     2  Vol,     1858. 
Graham  Lehrb. — A  translation  of  the  same  into  German,  by  F.  J.  Otto. 

Brunswick.     1840-41.     2  Vol. 
H.  Roee.  Aiutl.  Chem. — Handbuch  der  aualytischou  Cbemie,  von  Heinrich 

Rase.     Aufl.  4.     Berlin.  1838.     2  Vol.— None  Aufla^,  1857. 
Dumaa  angeiv.  Chem. — Handbuch  der  angewandten  Chemic,  von  J.  Dumas : 

Ubcr«.  von  O.  A.  uudFr.  Engelhart.    NUrnberg.    1830-87.    Bis  jetzt. 

5  Btode. 
Otrh.    Chim.   org. — Precis    de  Chiinic   organique,    par   Outrkt   Gtrhardt. 

Paris.     1844-4.'>.     2  Vol 
Gerh.  Tnute. — Traitt?  de  Chimio  organique,  par  Charles  Oerhardt.     Paria. 

1853-56.     4  Vol. 
Cimento. — II  nuuvo  Ctmeiito,  annpilato  da  Matteucci  o  Piria.      Torino  e 

Pina. 
R^.  Chim. — Repertoire  do  chimio  pure,  redige  par  Wurtz.     Paria.     1858 

—1861.     3  Vol.     Continued. 
Ri^.  Chim.  app. — lii^purtoire  do  chimic  appliqu<k<,  r6dig6  par  BarrcAwU. 

Paria.     1858—1861.     S  VoL     Continued. 


All  l«Bp«ntafM  an  giTcn  in  d«cree«  ol  Ui«  Centignulo  Ihcrmomoter^^Jtoepllng 
when  othenriM  ezproMljr  lUled 

Tbo  naiiiM  of  uttbora  who  lure  made  tbefr  inrecUgationa  in  oooetft  are  eonnootcd 
by  &,  not  by  aiuL 

All  MoUooc  pangrMH  itc.  added  by  the  Tranalator  are  diaUogoiabad  by  the 
aifa  f  at  Um  bifittac  and  md ;  addiliuoai  fool  nuU*  an  aignod  (W). 


WEIGHTS  AND  MBASURES. 


Iir  the  new  French  ^stem  of  weights  and  measores,  a  Metre  is  the 
tenth  millionth  part  of  the  distance  firom  the  North  Pole  to  the  Equator,  or 
of  half  the  length  of  a  meridian.  It  is  divided  into  tenths,  hundredths^ 
and  thousandths,  or  Decimetres,  Centimetres,  and  Millimetres. 

1  Metre  =  0*518074  French  Toises  s  8  Paris  Feet  and  11-1  Lines 
=s  86*94128  Par.  Inches  =  89*37079  English  Inches.— A  French  Foot 
^  0-82484  met. ;  an  English  Foot  =  0*8047946  met. ;  and  a  Swedish 
Foot  =  0*296867  met. 

1  Cubic  Metre  »  1  Btke  =  1000  Litres  ^  1,000,000  Cubic  Centi- 
metres. 

1  Cul»o  Decimetre  as  1  litire  s  1000  Culnc  Centimetres. 

1  Gallon  English  =  4*548  litres. 

1  Cubic  Centimetre  of  water  at  +  4**  C,  its  point  of  maximum  den- 
mty,  weighs  1  Gramme;  hence,  1  Litre  of  water  at  4"  weighs  1000 
Grammes  (about  2  pounds);  and  1  St^  of  water  weighs  1,000,000 
Grammes  =  1000  Kilogrammes. 

10,000  Grammes  =  1  Myriagramme ;  1000  Grammes  as  1  Kilo, 
gramme ;  100  Grammes  =  1  Hectogramme ;  10  Grammes  as  1  Deca- 
gramme ;  0*1  Gramme  —  1  Decigramme ;  0*01  Gramme  =  1  Centi- 
gramme ;  0*001  Gramme  =  1  Milligranime. 

1  Gramme  =  18*82715  Fr.  grains,  poids  de  marc  (72  grains  =  1 
dram);  =  16*091022755  grains,  Nuremberg  weight;  =3  281*01569  Richt. 
pfqunigtheilchen,  Kolmsh  Markgewicht  (65586  mchtpfennigtheilchen  =  8 
ounces  or  1  mark) ;  =  0*56475  drams,  English  avou-dupois  (16  drams  =  1 
ounce,  16  ounces  =:  1  pound) ;  =s  15*48235  grains,  English  troy  imperial 
(480  gr.  =s  1  oz.  12  oz.  =r  1  lb.) ;  =  0*23505  Solotnik,  Russian  weight  (3 
Solotnik  =  1  Loth,  82  Loth  =  1  pound) ;  =  22*54086  DoU  (96  Doli  =  1 
Solotnik,  288  Doli  =  1  Loth,  and  9216  Doli  ss  1  Russian  pound). 

1  Paris  Cubic  Inch  of  water  at  4°  weighs  19*886  Grammes  =  819*4 
Grains  Nuremberg  weight; — 1  Rhenish  Cubic  Inch  of  water  weighs 
17*891  Grammes  =  288*1  Nttr. ; — 1  English  Cubic  Inch  of  water  weighs 
16*891  Grammes  =  264*5  Niir.  wt. 

1  Apothecaries',  pound  (13  oz.)  weighs :  in  Austria,  420*009  Grammes 
— m  Holland,  374*96  grm. — in  England,  troy-weight,  872*9986  grm. — 
in  Bavaria,  860  grm. — in  Niiremberg,  357*66391  grm. — In  Hanover, 
357*56686  grm.— In  Sweden,  356*22687  grm.— in  Prussia,  850*7$348 
grm. 
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T)m!  ncaUm  <A  Beck,  Cartier,  6,  and  Banm^  &,  are  taken  from  Gra- 
^mmfn  fjihrhuch^  I,  158 ;  thoae  o/i  Cartier  a  and  Baome  a,  in  which  the 
upMcifir;  <p«%ritjr  (A  water  at  12*5°  C.  is  assumed  =  1-000,  and  likewise  the 
wnifi  *n  Oay-LttMuc's  Alcoholometer,  are  from  Marosean's  Memoir.  (J. 
Phirm.  1M^3) 

ArwmtUT  for  Liquids  lighter  than  water. 
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Chy-Luascu^a  AlcoholomOer  (Akoometre)  at  15° 
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DESCRIPTION  OF  THE  PLATES. 


Plates  I  amu  II.     Crystah. 

1.  ReguLtr  Si/stem. — a.  Uomokedral.     Fi^.  1 — 12. 
b.  Ilcniihedral.—a,  TetraUudron.     Fig.  13 — 17. — fi.  Pentagonal  Dode- 
cahedron.    Fig.  18 — 20. 

2.  Square  Pmtnatic  or  Four-membered  System. — a.  Homohedral.  Fig, 
21—89. 

21  and  22:  Auatase;— 23,  29:  Zircon;— 2 i,  27,  33:  Molybdate  of 
lead  J — 25,  2(j :  Uydrfttod  fcrrocyaiiidt;  of  fx^tftasiuin  j — 28,  39  :  Veeuvian  ; 
—30  :  Acid  phospliate  of  potash  (KO,  2I1U,  PO*  +  200)  or  add 
arecniatc  of  potash  (KO,  2IIU,  AsO*  -f  2110) ; — 31 :  Sulplmt^,  aeleniatc, 
or  chromate  of  wlver  and  ammonia ; — 32 :  Apopiiyllite ; — 34  :  Cyanide  of 
morcuT}' ; — 35  :  Nickel-speiss ; — 36  :  Sulphate  or  Heleiiiate  of  zinc  or  nickel  \ 
— 3H:  Calomel. 

b.  HemiiKdral.     Fig.  40. — ParasulpJiat-ammon. 

8.  Two  and  txco-memhered  or  Right  Prismatic  System.     Fig.  41—80. 

41 — 14  :  Sulphur;  45  :  Tartar-emetic; — 46  :  Iodine; — 47,  48:  Sulphate 
of  lead ;— 49  :  Sulphate  of  baryta ; — 50 :  Nitrate  of  silver ; — 51,  52  :  Cliloride 
of  barium;  53:  IlyiKTchlorate  or  hyfR'niiaiigiiiiate  of  potaBh  or  aijimniiia; 
— 64 — 58  :  Nitrate  of  jKitash  ; — 59  :  Sulpliate  or  SL-Iciiiate  of  silver  ur  soda, 
and  hypemianganate  of  baryta  ; — CO  :  Cauiphor  of  ctibcbs  ; — Gl — 03  : 
Acid  phosphate  of  aoda,  cryBtallitie  systoui  1 ; — Acid  |>hoBphatc  or  arso- 
uiate  of  snda.  System  2  ; — 65:  Morphia; — G6  :  llyiioRuIphate  of  silver; 
— 67,  C8  :  Mellitate  of  ammonia ; — f]9  :  Bicarbonate  of  ammonia  ; — 70 : 
Protochlnride  of  mercury  ; — 71,  72  :  Sul])hute  of  iiiaguesia  ; — 73 :  Sulphate 
of  ainc  or  nickel;— 74:  Indigo; — 75:  Chlciride  of  mercury,  ctji>pcr,  and 
potattsinm ; — 76,  77 :  Neutral  sulphate  of  aminotiia,  or  neutral  sulphate, 
Beloiiiate,  chroumtc,  or  mnn^natc  of  potaoh ; — 78  :  Oxalate  of  amnioiiia  i 
— 79  :  Citric  acid;— 80:  R-»chelle  salt. 

4.  Two-atui'Ont'membercii  or  ObUipte  Pristiuitic  Systcin.-^^.  The  boM 
mating  an  obtiqut  angle  urUh  the  obtuse  lateral  edge  of  the  rhotnbic  prigm. 
Fig.  81—100. 

81,  87 :  Iodide,  bromide,  or  chloride  of  potassium  with  four  atoms  of 
water; — 82:  Chomlrodite; — 83:  Chlorate  of  iH)ta»li ; — Sulphate  of  mag- 
xwtatk  and  potash; — 85:  Sulphate  nf  nickel  and  {x^itaBh  ; — Kt; :  Chromatc 
of  Bmmonm; — 88;  llyix'rmaiiganatc  of  silver;— -89:  Pyrophotsphato  of 
•oda  i— 90 :  Bicarbonate  of  potash. 

h.  The  aaiU  lateral  edge  of  the  rhombic  prism  making  an  oblique  mgU  u)itk 
the  bate.     Fig.  \0l— MB. 

91,  92:  AuLnt^}; — 98,  95:  Neutral  phosphate  of  ammonia  (2NU*0, 
llO.PtJ*  i-  24110)  or  arseniate  i.f  ummouia;— 96 — 100:  Ordinary 
phoffplmtc  of  himIu  (2NaO,TlO,PO*  +  2 1  HO)  <ir  arseniatc  of  soda; — 
Id],  102  :  PhoMpliat*!  or  arKrninto  of  soila  and  ammonia  ; — 103,  105  ; 
Borax; — 106:  Acetate  nf  lead; — 107,  lOH  :  PhuKphale  or  arseniate  of 
soda  and  potash; — lOi>:  Tartaric  acid;— IlO:  Acetate  of  cup))cr; — Hit 
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ProtoBulphate  of  iron  or  cobalt; — 112:  Acetate  of  zinc; — 118:  Acetate 
of  soda; — 114:  Carbonate  of  soda  with  ten  atoms  of  water ; — 116  :  Hy- 
drated  ferrocyanide  of  Bodimn; — 116:  Hydrated  carbonate  of  magnesia. 

c.  One-and-two-tnembered  System.   Fig.  117 — 119. 

117  :  Oxalic  acid;  118 :  Ghromate  of  soda ; — 119 :  Sulphate  of  soda. 

5.  MitsckerUcVa  System.    Fig.  120 :  Hyposulphite  of  lime. 

6.  One-and-one-membered  or  Double  ObUque  Prisma^  System.    Fig.  121 — 
180. 

121—123:  Sulphate  of  copper;— 124,  125;  Axinite ;— 126 :  Gallic 
add; — 127:  Succinate  of  ammonia; — 128:  Succinate  of  soda; — 129: 
Boracic  acid ; — 130 :  Alkargen. 

7.  Three-and-one-membered  System. 

a.  Six-membered  or  Hexagoned  System.    Fig.  181 — 140. 
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INTRODUCTION. 


Chemtstrt  is  a  brancli  of  Natural  Science. 

Natural  Science  embraces  the  whole  rangpe  of  senftible  objects,  their 
proj-icrties,  and  the  changes  to  which  they  are  Bubjeot,  in  8o  for  as  theso 
changes  are  not  referable  to  the  iiiwanl  workings  of  the  huninti  iniiid. 

Some  branches  of  Natural  Science  consider  the  Heverat  eliisw's  of 
bodies  in  a  stAto  of  rest  according  to  their  situation,  magnitude,  form, 
structure  and  other  phyflical  propertiea:  such  are  Descriptive  Antronomy 
and  Geology,  Mineralogy,  Botany,  Zo«>logy,  Animal  and  Vi-grtable  Ana- 
tomy. Other  branches  of  Natural  Science  takt*  into  cnnKidenitidn  the 
cbangofi  to  Avhich  the  various  classefl  of  bodies  are  Bubject,  witlimit  refer- 
ence to  the  causes  by  which  these  changes  are  brought  alMHit ;  e.g.,  Phy- 
Bical  Astronomy  and  Geidugy,  Animal  and  Vegetali'le  PhyKinhigy,  Noso- 
lopry,  Thera])eutica.  Lastly,  Physics  and  Chemistry  regjird  these  changeRt 
not  ace'urding  to  the  claKses  to  which  the  bodies  lielong,  but  4»ccording  to 
the  several  cnuses  by  wliich  tiie  changes  are  produwKl.  All  the  eliangee 
to  which  the  btidies  r»f  the  universe  are  subject  may  be  refened  to  tbo 
I  following'  causes  or  Forces. 

I.  Bepubtion:  which  manifests  itself,  either  in  the  form  of  Impeuctra- 
|,bility,  ur  in  tliat  of  Expansive  Force. 
IL  Attraction:  whicli  includes 

1,  Mechanical  Attraction,  by  which  bodies  are  drawn  togtsther  with- 
out any  alteration  of  their  projxirties  excepting  a8  regards  the 
space  which  they  occupy ;  and  tliis  may  l>e  subdivided  into — > 

a.  Gravitation^  or  Attraction  acting  at  a  distance  and  between 
large  maflses. 

b.  Cohesion,  or  Attraction  between  bodies  of  the  same  kind, 
and  at  imnieasurably  sinall  distances  only. 

C.  Adhesion,  or  Attraction  between  bodies  of  different  kinds, 
acting  at  immeasurably  small  distances  only,  and  pruduciug 
a  heterogeneous  mass. 
d.  Chemical  Attraclion,  Affinity,  or  Attraction  between  bodies 
of  different  kinds,  acting  at  immeasurably  stnall  distances 
only,  and  imiducinga  homogeneous  mass, 
in.  Vital  Force,  or  that  f)eculiar  jvnwcr  by  which  the  most  important 
alterations  in  li\nng  organized  btKhes  are  producoil. 

All  changes  j»rt)duci'd  Ity  meehauical  Attruction  iM-long  fu  the  province 
of  Physips ;  the  phenomena  resulting  from  vital  force  in  that  of  Animal 
id  Vegetable  Physiology. 

Chonustry  relates  exclusively  to  those  changes  of  bodies  which  aro 
nought  about  by  Affinity.  Now  since  these  changes  ci^nsist — (1)  in  tho 
>mbinatinn  of  dissimilar  iKulics  into  a  homogeneous  mass,  and  (2)  in 
castonally  resulting  sefMirations  of  disBiniilar  kijids  of  matter  from  a 
jmogeneous  mass,  it  follows  that  ('hemistry  may  l>e  deliried  as  tho 
aence  which  treats  of  the  oombiuatioo  of  dissiinilar  bodies  into  homo- 
jncons  masses,  and  of  tlic  separation  of  dissimilar  bodies  from  homo- 
eneous  masses. 
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The  range  of  Chcmiatry  thus  marked  out  is  eiilarged  by  the  following, 
considerations. 

1.  By  a  short  account  of  Cohesion  and  Adhesion. 

2.  By  the  enumerution  of  the  physical  prnjwrtiea  of  the  dementi 
bodies  and  of  the  (■imijioiuicis  formed  by  tlieir  mutual  affinities,  particU' 
larly  of  tliose  which  do  not  come  witliin  the  province  of  Mineralogy. 

On  thi!  otlier  hand,  the  range  of  ncienee  is  narrowed  by  the  considera- 
tion that  the  relutiotis  of  the  Inipinder.ihles  mxd  not  be  treated  in  all 
their  detail,  inaHtnuch  as  the  study  of  these  bodies  forms  an  important 
bratK-h  of  |)hysicat  science. 

ChcnuHtrj',  regarded  as  an  indeixjndent  acience  embracing  the  whole 
range  of  ehenucal  knowledge,  and  regarding  the  chemical  properties  of  the 
various  kinds  of  matter  without  reference  to  any  application  of  tliem 
beyond  the  bounds  of  the  science  itself,  is  distinguished  by  the  name  of 
Puff,  Theoretical^  or  Philosophical  Chtmistry ;  and  inasmuch  as  particular 
branchcH  of  it  serve  to  tlirnw  light  cm  other  sciences,  these  several 
branches  have  received  the  nanica  of  Physical,  Afinei-tilogical,  Phytiological^ 
Medical,  Affricultural  Chcmistrvs  &c. 

Ohemistry  is  an  Art  as  well  as  a  Science.  For  it  teaches  not  only  what 
combinations  of  tUssiniilar  bodies  into  homogeneous  masses  and  what 
dcconipoaitions  of  these  tatter  arc  i>ossible ;  but  likewise  what  rules  must 
Ikj  followed,  what  mechanical  means  must  be  adojited  to  bring  about 
^ithese  combinations  and  decomp<  isitions.  This  is  Practical  Chemistry.  It  is 
iMivided  into  Synthetiml  Cltemistry,  the  object  of  which  is  the  union  of 
"dissimilar  bodies  into  homogeneous  masses;  and  Analytical  Chemistryy 
which  teaches  how  to  detect  the  sev^eral  constituents  of  a  compound  body 
iuid  estimate  thi-ir  <pmntities.  The  art  of  AAsnyituj  ur  Docimasy,  wliich 
relates  to  the  detection  and  estimation  f>f  the  precious  metals  m  their 
vaiious  c<iminiimds,  is  a  branch  of  analytical  chemiHtry. 

Applied  Chemistry  Gonif>reliends  the  art  of  profxiring  the  various  eub- 
stanct'B  used  in  the  ordinary  business  of  life,  in  so  far  as  such  pre|iaration 
is  l>a«ed  on  chemical  principles.  Its  divisicms  are:  Pharmaceutical  Che- 
strife  which  relates  to  the  preparation  of  substaTices  used  in  medicine ; 
Technical  Chetni»try,  which  is  concerned  with  arts  and  manufactures. 
This  lattor  is  again  subdivided  according  to,  the  several  products  whose 
pn'{»aration  it  embraces,  —  and  more  particularly  into  the  following 
brunches :  viz.  Metallurffy,  or  the  production  of  metals :  Lithunjy,  ur  the 
cheniistrj'  of  minerals:  Jlyalunjy,  or  the  chemistry  of  glass-making :  Phlo- 
J/wfly*  "i"  the  chemistry  of  condnistible  bodies:  Ilalurgy,  or  chemistry  of 
Bolts,  acids,  and  alkalis  :  Chromurgy^  or  chemistry  of  coloure  :  Zyviotechny, 
or  chemistry  of  fcnnentation,  &c. 

Historical  Survey, 

In  ancient  times,  the  progress  r)f  chemistry  was  slower,  in  modem 
times  it  has  been  more  rapid  than  that  of  any  other  scienco.  Up  to  the 
end  of  the  seventeenth  centtiry,  chemical  knowledge  was  confined  to  a 
few  i8olat(>d  facts,  cither  relating  to  metallurgy  and  other  chemical  arts ;  or 
to  the  pro|)amtion  of  medicines,  or  such  as  wen?  accidentally  discovered 
during  the  fruitless  seurch  nf  the  alchemists  after  the  phiUwopher's  stone, 
the  transmutation  of  Uketals,  &c.  The  marshalling  of  these  facts  into  a 
regidur  system  was  begun  by  Becher  and  Stalil,  about  tlie  end  of  the 
sevciiteefith,  nn<l  bniuglit  to  a  more  advanced  stage  by  Lavoisier  towardi) 
tbe  end  of  the  eight<>enUi  (X?i>tury. 
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Among'  the  natiiMis  of  aiitiquit.y,  the  Egyjitians  appoar  to  have  possessed 

•the  greatest  tiniouiit  of  clit'inicivl  knowledgL'.    They  prepared  sal-ammoniac, 

:8«tda,  comnton   salt,   vitriol,   g'lass,  eiianicK   tik'a,    painted   cart  lien  ware, 

|<ecveral  metals  and  metallic  alloya,  soap,  ber-r,  vinegjir,  varifins  medicines 

Hid  pigments,  and  knew  how  to  fix  colours  on  silk  by  means  of  mordants, 

id  to  preserve  dead  Ixjiiies  from  decay.    The  knowlt'dge  nf  the  Egyptians 

lexl».-ndcd    itH«-lf   to   other  nations,    partioithirly   ihv   Jews   and   Greeks. 

fWhcther  the  Chinese,  who  have  long-  been  aerpiiiinled  with  the  propara- 

l-tion  of  siil[»liiir,  nitre,  g-iin|H>wder,  bnrax,  alum,  [Hirei'lain,  venh^^TiH,  pajx-r, 

jtof^ether  with  dyeing  and  the  furinatiuu  of  vanous  mctaUie  alloys,  are 

[partly  indtdited  to  the    Egyptians  for  tiieir   knowL-dgu — is  a   qut'stion 

whieii  must  remain  undeeided. 

The  Greeks  soug-ht  to  ymnetrate  the  secrets  of  nature,  less  by  aocnrate 

[observation  than  by  Bix;culativc'  inquiry.      The  assuiiiption  of  the  four 

slements  (fire,  uir,  earth  and  water)  by  Anaxirnander  and  other  Grueiaii 

shilosophers  affords  evidence  howi-ver  of  a  rig^ht  comprchenainn  of  the 

four  principal  states  in  which  matter  can  exist.      Less  eonfuniiable  to 

lature  is  the  opinion  adopted  by  Aristotle  and  others  that  all  matter  is 

sssentiatly  the  same,  and  that  the  T.ariouK  forms  of  it  are  due  merely  to 

[differences  of  shajx^  in  the  ultimate  particles.     The  Rnmans  derived  all 

their  chemistiy,  as   indeed   all  the    rest  of    their  knowledge,  frnm  the 

"freeks,  without  making  the  smallest  extension  of  it.     The  migrution  uf 

lo  northern  nations  and  the  overthrow  of  the  Roman  empire  put  a  stop 

o  the  progrejBs  of  science  in  Enro]K\ 

On  the  other  hand,  from  the. seventh  to  the  eleventh  century,  the 
ices,  and  chemistry  in  particular,  obtained  protwtion  ami  cultivation 
Jong  the  Arabs,  who  had  spread  themselves  over  S|>ain  and  the  north  of 
frica.     Their  chemical  investigations  w^erf?  ohieily  directed  to  the  prc- 
tration  of  medicines  and  the  conversion  of  base  into  noble  metals.    They 
iBimed  at  preparing  substances  which,  like  the  philosopher's  stone,  should 
Ifree  the  base  metal  from  its  imjjerfections  or  blemialies  and    thereby 
Bonverl  it  into  a  noble  metal :  they  believed  also  that  such  a  substance,  or 
)ne  of  like  nature,  would  restore  the  sick  to  health  and  even  render  niaa 
iwnortal.    Hence  they  hiid  the  fouudati«ui  of  Alchemy.    Geber,  one  of  the 
irliest  chemists,  who  lived  in  the  eighth  century,  was  acquainted  with 
lilk  of  sulphur,  nitric  acid,  aqua  regia,  solution  of  gold,  nitrate  of  silver, 
irrosive  sublimate,  red  oxide  of  mercury,  the  preparation  of  litliarge,  &c. 
Llbukasis,  towards  the  end  of  the  twelfth  centmy,  doscrilx'd  a  form  of 
fetill  like  that  at  present  used  in  the  distillation  of  brandy  ;  also  the  dis- 
tillation of  vinegsir  and  wine.     The  words  Alkidi\  Alrohol,  Aludel,  &c., 
f%hich  are  still  in  constant  use,  originated  with  the  Aralis. 

The  crusades  ser^'ed  to  transplant  the  chemical  knowlwlge  and  views 

the  Arabs  into  Eurnf_K\  where,  agreeably  with  the  ttiyKli«il  tendenciea 

the  age,  the  theorj'  of  transmutation  found  esi>ecial  favour;  and  while  it 

ptaiscd  up  jK-rsevcring  alchemists  who  emplrjyed  themselves  in  exjK'rimonts, 

laborious  as  they  were  fruitless,  for  the  jmrpowe  of  obtaining  gold  from  the 

Laser  metals,  at  the  same  time  gave  birth  to  a  host  of  imjiostora  who 

.  tunicd  the  credulity  of  others   to   their  own  account.      This  rage  for 

Icheoiy  continued  in  Eurojie  from  the   thirteenth   to   the   BevcnttH3nth 

jutury,  and  though  it  failed  in  attaining  the  end  i»ropo8ed,  gave  rise  to 

le  disfX)very  of  a  mass  of  facts  which,  had  it  not  U-en  for  this  thirst  for 

fold,  would  in  all  probal>ility  have  long  remained  unknown.     Among  the 

lost  renowned  of  the  alchemists  were :    Arnold  de  Villa  Nova  in  the 

lirteenth  century,  Raimund   Lully  in   the  fourteenth,  Basil  Valentine 
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(the  diBcoverer  of  several  cominoiinds  of  antimony  and  also  of  ammonia) 
in  the  fifteenth,  Paracelsus  (the  fii'st  jaiblic  teadier  of  fhemistry,  who  pro- 
pared  many  jxjwerful  niediciiies,  partictiliirly  preparuUons  of  mercury)  in 
tlie  eixteenth,  Van  Ilelmnitt  (who  even  at  ttiia  early  i)eri<>d  propounded 
many  philoKophical  views,  and  was  the  first  in  ditstinguish  variona 
aerifonn  bodies  by  the  name  of  Gases  from  common  air),  and  Libaviua  in 
the  sevi-nteeiith. 

Independently  of  the  reigninj''  pnrsuit  of  alchemy,  tliere  aroRC  in  these 
times  niiiiiy  men  who  citlicr  devnted  themselves  to  |>!iiIosftphieal  research, 
like  Kiiger  IJacou  and  AlhertiiH  Mag'iius  in  the  tliirteenth  century;  or 
ox]x>8ed  the  duluBions  anrl  iinpoKtures  of  the  iilchemitits,  like  Kircher, 
Conring',  (luiln-rt,  Gassendi,  and  Kepler;  or  were  the  autluirs  nf  scientific 
rorks,  like  George  Agrieola  {(ie  re  metatlicaf  154f>),  Lazarus  Erker  {Aula 
htfmiufd,  1574)»  and  several  otherB, 

Towardrt  the  end  of  the  eeventeenth  century,  chemistry  received  an 
unex|X"Cted  extension  fi-om  the  resoarcheB  of  Newton  on  attraction  and 
h^ht,  and  from  the  experimentH  of  Torricelli,  Giiericke,  and  Boyle  on  the 
vjicuuni.  About  the  same  time,  several  salts  were  discovered  by 
Glauber,  iihosphi^nis  by  Brandt  and  Kunkel,  fiw<'et  Mpirits  of  nitre  and 
several  glasH-iluxca  by  the  latter,  nrtifiuiid  Tnlcanos  by  Nidiolus  Leraery 
(aiithfir  of  the  Cvurs  de  Chimie),  and  toracic  ficud  and  the  aluni-pyn»j)horafl 
by  lloiiilK,'rp. 

At  the  very  beginning  of  the  etphteenth  century,  George  Ernest  StaU, 
by  applying  the  already  jiublished  views  uf  All>ertu8  Magnus  and  Becher 
(author  of  tim  P/n/mcit  Subl^TaMu)  ren^H-cliug  thut  most  important  of  all 
chemical  pnxwsses,  Coml»Jstion,  to  the  whole  collection  of  facts  discovered 
by  himself  and  others,  and  thus  uniting  them  into  a  eniinreted  whole^ 
laid  the  foundation  of  the  first  system  of  Chetiiistry.  This  Bystem  re- 
ceived the  name  of  the  Phlixjialic  Theory^  because  Stah!  assimied  that  all 
oonibustible  bodies  contftin  one  and  the  same  princifilc  of  combustion, 
called  liihujintim,  the  e8caiK>  of  this  substance  from  a  heated  eorobustiblo 
body  lK>ing  f*up[MtHed  to  jiroduce  the  phenomena  of  combustion,  and  ite 
addition  to  a  burnt  body  to  restore  the  comhufftihility  ni  that  Inidy,  In 
this  system,  Phlogiston  and  the  dephlogisticated  metals  or  metallic  earths 
(metallic  oxitles  of  the  present  system)  were  regarded  as  t.-lements,  and 
di8{ilaoed  th<r  four  elements  of  the  Grecian  philosophers.  From  this  time 
fonvard,  elienustry  n*<.vived  more  scientific  cultivation,  and  discoveriei 
accumulated  more  and  more,  until,  towards  the  end  of  the  eighteenth  con- 
turj',  a  refonn  of  the  systi'm  iRvame  indispensable. 

In  1718,  GeolTroy  published  the  first  Table  of  Affinitie*.  Boerhaave 
published,  in  17M2,  a  chemiLtal  work  containing  many  original  expcri- 
ments  on  light,  heat,  A:c..  Hales,  in  1724,  instituted  several  experi- 
ments  on  the  air  aixl  otlier  aeriform  bodies.  These  exjx-riments  were, 
however,  much  more  sueo-Rpful  in  the  han«l8  of  Black,  who,  in  1756, 
showi-d  that  the  kind  of  air  given  out  by  fermenting  liquids  and  evolved 
from  chalk  by  the  a<"tion  of  acids,  is  lUfferent  from  atmospheric  air;  and 
thus  directed  the  attention  fif  experimenters  to  the  more  accurate  invea- 
tigi't'on  of  B(«riform  bodies.  Alargraff,  1754 — 17511,  first  established  the 
fxi»tene<!  of  nmgtlr^sift  ami  ninmina  as  tlistinct  rurths,  the  only  earths 
lirevionsly  n-cogniiK'd  l>eing  limr  and  silica;  he  also  prrMlnced  sugar  ft 
native  plantK,  and  fhscovered  the  phosphates  in  urijie.  .Scluvli*,  bet'  ._^ 
til'  177i!  and  17KB,  di»covered,  with  very  slender  means,  chlorii^ 

tL  :iM<jnc,  nitrous,  pnissic-,  tungstic,  molybdic,  anienie,  tartaric, 

ctlxic^  jualiu,   lactic,   gallic,   and  uric   acids;  allso  baryta,  luangancao 
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purtiy),  oxygen  gas  (discovered  just  before  by  Prii-stly) ;  lio  also 
dcraoiiKtratiLid  tlie  proecuce  of  phosphdriu  at-id  in  Ihiiios,  and  iiislitiitt'd 
many  iiigenitnia  ex[)t'riiiicnt8  on  liiflil  and  lieat,  wliicli  li-d  liim  to  tlio 
aduption  nf  a  new  tlieury  uf  t^ombustiuii.  l{erjj;iji(4ii  p<Mft'fti'd  tlie  doctrine 
of  Afliiiity,  and  made  several  experimcntH  on  i-artjituic  uoid  and  otlior 
mattcrn,  bosidoa  many  succetisful  analyses  of  miueial  Hubcstances.  Cavon- 
disJi,  who  first  cuUefted  gases  over  water  jnsjtfcad  of  receiving  them  iii 
bladders,  wtis  also  the  (iret  to  distingiiisli  hydrogefi ;  he  Ukewisc  dis- 
covered the  formation  of  carlionic  acid  by  tlie  coiidnistion  of  chareoul,  the 
comiiosition  of  water  arid  of  nitric  aciil  (1705 — 17a.J}.  Priestly,  who  lirst 
(X>llected  gases  over  mercury,  discovered  in  1770  aud  the  fotiowijig 
years,  oxygen  gas,  protoxide  of  nitrogen^  carbonie  oxide,  amnniniacuvl, 
Bidphurous  aeid  and  uiurialic  acid  gases,  and  tlie  gaseous  Ihioride  of 
Bilicou:  he  also  first  observed  the  diseugagcmeut  of  oxygeu  gas  from 
tlie  green  jjarts  of  ijlants. 

Antoine  Laurent  Lavoisier,  whose  philosophical  career,  begun  in 
1770,  was  nithlessly  cut  short  in  179-t  by  the  guillotine  of  Robespierre, 
not  only  perceived  the  defects  which  later  discoveries  had  made  manifest 
in  Stald's  theory,  but  availed  himself  of  these  discoveries,  together  with 
certain  experiments  of  his  own,  made  with  a  degree  of  accnraey  in  tiio 
di-'tirmiiiation  of  weights  and  volumes  i|iiito  unknown  before  his  time,  in 
order  to  establish  a  theory  in  opprisition  to  the  pidogistic,  and  thenco 
called  the  Antiphlogistic  theory  : — attempts  at  the  establishnient  of  such 
a  tlieory  Ijad  been  made  by  iley  in  1630,  and  by  Mayow  in  1670,  but 
without  success. 

The  long  established  fact  that  ccimbustible  bodies,  such  as  metals,  do 

not  lose  but  gain  weight  when  fiurnt  (an  attempt  at  explanation  had 

been  made  Ity  8U[>j>ftsiug  a  fixalinu  of  the  fiery  [•articles  to  take  place) 

W:i.H  placed  in  a  clearer  light  by  Ijavuisier,  who  showed  tluit  this  increase 

of  weight  is  exactly  equal  to  the  weight  of  ttic  oxygeu  gas  absorbed  by 

the  combustible  body  in  the  act  of   buniiiig.     On   the  other  hand,   he 

ahowed  that  iii  the  conversion  of  a  burnt  body  into  a  comhustibh^  body,  u 

decrease  of   weight  ttikes  place,  in  spite  of  the  phlogiston  which  was 

■U[>()OHed  to  be  absorbed.    lie  derded  the  existence  of  phlogiston,  regarded 

combustion   as    the  combination  of   a  combustible    body  with    oxygen, 

•ccompjinied  by  a  development  of  light  and  heat,  and  the  conversion  of  a 

unit  into  a  cnmbufttible  body  as  resulting  from  the  separalitin  of  oxygen. 

To  him  also  we  are   iiidelited  for  the  discovery,  that  the  diamond   ia 

Carbon,  that  carbonic  acid  is  a  compound  of  tvarlxm  and  oxygen,  that 

ater  is  dccomiwsed  by  red-hot  iron,  that  the  earthy  matter  deposited 

hen  water  is  heated  in  glass  vessels  is  derived  from  the  glass  itself — as 

ell  as  many  well  devised  investigations  on  heat,  respiration,  transpira- 

ion,  &c. 

From  this  time  forward,  CLemistry  advanced  with  twofold  rapi<lity, 
partly  through  the  zeal  of  the  adherents  of  the  new  theory,  partly 
through  that  of  their  opponents,  w!io,  \vhile  they  endeavoured  to  over- 
throw it  by  new  researches^  really  contributed  to  its  establishment  and 
extension.  Berthollet  who,tiu  1787,  was  the  llrst  to  attack  tlie  new  tla^ory, 
quired  gi'eat  reputation  by  his  researchfs  upon  chlorine  and  upon 
e  dotitrine  of  affinity.  Fourcroy  undertook,  particidarly  in  connexion 
th  Vauquelin,  more  exact  analyses  of  organic  substances,  and  several 
Dtber  investigations.  The  latter,  in  the  course  of  his  numerous  analytical 
searches,  liiHcovercd  chromium,  glucina,  and  several  vegetable  sub- 
oee.     Klaproth,  to  whom  mineral  analysis  is  must  deeply  indebted^ 
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diftooverwl  zirconia,  titaninni.  urnnium  and  tellwrium.  Richter  in  his 
Stoirfiiomrtn/y  laid  tlje  foundation  of  tlie  dtwtrine  nf  di'fiiiito  and  siniple 
projiortlons  by  weig-ht,  according  to  wliicli  Iwidios  coiuliino.  Prout  inves- 
tigated with  great  a<;x.'uracy  tlit'  fhemical  relations  of  several  mctalt^,  and 
BUcccssfuHy  combated  BerthoUet's  dotrtriuc  of  aflinity.  Smithson  Tennant 
wa«  the  first  who  sejmrated  carbon  from  carbonic  acid  :  he  also  <liBcovered 
Odtnium  and  iridium.  WoHaston  diBcovered  pailaditim  and  rhodium  in 
platinum  ore. 

The  discovery  of  Galvanic  electririty  by  Galvani,  to  which  Volta  (the 
inventor  of  one  of  the  most  nsfftd  forms  of  the  Eadioinetcr)  gave 
increased  fmwer  by  means  of  his  Pifr,  furnished  the  chemist  with  a  new 
meanfi  nf  decomposition,  which  not  oidy  served  to  continn  Lavoisier'a 
theory  f)f  the  compound  nature  of  water,  but  also,  in  the  hands  of  the 
highly-gifted  Sir  Humphrey  Davy,  to  resolve  the  hitherto  undeeomposed 
alkalis  and  earths  into  peculiar  metals  and  oxygen.  Besides  this,  Davy 
enriched  the  scietice  by  his  investigations  on  galvanic  elcftricity,  6amc, 
un<]  the  compfiunds  of  chlorine.  At  the  same  time  also,  (iay-Lussac  and 
Thenard  investigated  the  nature  of  the  chlrmne-coniponnds  and  of  tlie 
metals  which  form  the  bases  of  the  alkalis,  and  were  the  first  to  effect 
tho  complete  separation  of  fixed  organir  rtiibhitnnces  into  their  elements. 
»y-LuBHac  also  extended  t!»e  science  of  Heat,  jiarticulurly  as  relates  to 
rapTtration,  estalihshed  the  /aiio  of  Volitmej^,  wfiieh  governs  the  combi- 
*  nation  of  elastic  flttida.  and  niaile  a  most  accurate  investigation  of  the 
ch«'mical  relations  of  iodine,  the  lUscovery  of  which  hud  just  before  bccu 
made  by  M.  Coiirtois. 

The  highest  (h'gree  of  exactness  in  the  investigation  of  the  proportiona 
by  weight  m  which  bodies  combine,  was  attained  by  Bencelius,  whose 
researches  in  this  department  of  the  science  led  him  to  adopt  and  confirm 
the  almost  forgotten  views  of  Richter.  By  a  vast  nuinber  itf  exjieriments 
lu*  ascrrlaincd  the  projiortions  by  weight  in  which  all  the  elementary 
bMdics  contbine  one  with  another.  Ky  hnprovciiients  in  Klaproth's 
m«'thinl8  of  niinfral  analysis,  he  succoeded  in  decomposing  several  new 
minerals,  and  thereby  established  the  existence  tif  cerimn,  selenium, 
thorinm,  and  |>artlv  also  of  lithium,  as  new  elements.  At  the  same 
time  also,  but  with  less  reference  to  dircc;l  exj>erinient,  Daltoii  dyvclopi'd 
Ricrhter's  doctritte  in  the  fr)rm  of  the  new  atomic  theory' :  he  Ukcwise 
maile  some  most  able  investigatious  upon  heat,  particularly  on  the 
formation  of  vat^iur. 

Within  the  last  few  years,  the  electro-chemical  phenomena  have  been 
mont  stKMN'Bsfully  investigated  by  Faraday,  De  La  Rive,  Bociiuerel,  and 
oIIktv;  and  llie  field  of  organic  chemistry  has,  by  the  labours  of 
Benu'lius,  Liebig,  Wiihler,  Mjtscherlich  (the  founder  of  the  theory  of 
Jtn>in'>r/>fiii<rn),  II.  R<ise,  Mulder,  Chevreul,  Dtinias,  Pelouze,  Laurent, 
Malagiiti,  and  many  others, — Ix-en  enlarged  to  such  an  extent,  that  it  has 
luTouic  almost  a  new  science. 

Cohesion. 

Cohmva  Power.  ,  Attraction  of  Aytjrryatiun.  Cohiisiomkrafl.  Z\ 
hUvftHtU  Vmeantltm-hafl.  Cofxmo.  AUractio  aggrcgatiimity  C< 
The  attmctiiin  which  bodies  of  the  same  nature  exliibit  towi 
OAcli  other  when  brought  into  immediate  contact.  The  conse<{ucnc>t}  of 
Uiia  action  is  the  combination  of  a  numlar  of  hornogencoua  bodies 
into  a  whole  of  the  i$amv  nature.    The  pntduct  bo  formed  ia  called  an 
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Tho  combination   may  be  dostniycd  l»y  a  mcclianical  pressure  or 
thrtiHt,  strong  enough  to  overcome  the  coliesiou. 

The  force   of  colieBion  varies  with   tlic   temporature  and  with   the 
natnre  nf  the  body. 

It  is  a  general  rule  that  the  cohesion  of  a  body  diminishes  as  its 
temperature  increases.  A  heated  hquid  fonns  snialh'r  drups  than  a 
cold  one  (sidjihtir  alone  fonns  an  excejptiori  to  this  rule,  im-reasinp  in 
ConsiBtence  as  its  teniiierature  riwes) ;  hard  bodies  when  heated  generally 
ph6C0me  softer,  sometimes  even  fluid,  provided  no  cheimcal  changes  take 
place  in  them. 

Bodies  may  be  divided  according  to  their  cohenive  power  into  four 
classes.  (I.)  Impovdaabte  liodicK,  as  Light,  Iloat,  Electricity  and  Mag- 
netism. In  these,  the  reimlsive  force,  the  antagonist  of  the  attractive, 
prodominatos,  and  n«uie  of  the  phenomena  which  they  exhibit  are  such 
as  to  make  it  probable  that  a  mutual  attraction  or  coliesion  is  exerted 
between  ttieir  particles.  (2.)  Pmulaable  Elastic  Fluids^  viz.  (jasen  smd 
YatKiurs.  In  those,  the  jMHideruble  matter  is  rendered  so  highly  ela.stic 
by  its  combination  with  heat,  that,  generally  Sfieaking,  all  their  known 
p^^pert.ies  may  be  explained  withtrnt  sitp]ioKing  them  to  be  possessed  (if 
Cfdiesion,  unless  perhajjs  Faraday's  e>periments  ((l*t.  J.  of  Si\  3,  y.j4, 
,also  Ann.  Cfihn.  Pfii/><.  v.  2')H)  on  the  different  velitcities  with  which 
ferent  gases  flow  through  narrow  tubes,  may  be  explainud  by  supfiositig 
jnt  degrees  of  cohesion  to  exist  in  the  various  gases.  (3.)  Lirp/iilg, 
lese  may  be  regarded  ae  combinations  of  ponderable  matter  with 
laller  quantities  of  heat,  sufficii-nt  to  produce  a  remarksible  diiFiinution  of 
[the  cohesion  peculiar  to  solids,  Init  not  to  occasion  any  sensible  rejinlsive 
jwer.  (4.)  Solids.  lu  these,  the  cohesive  power  exhibits  itself  in  its 
ighest  degree. 

Cohesion  of  Liquids. 

This  force  shows  itself  in  the  tendency  towards  the  spherical  form, 
lasmuch  as  the  effort  of  all  the  several  iiarticles  of  u  licpiid  mass  to 
Ipproach  each  other  as  closely  as  possible,  must  result  in  the  assumption 
of  the  spherical  form.  Since,  however,  tlie  hquid  mass  is  subject  to  the 
ifluence  of  other  forces,  gravitation  and  adliesii^n  fur  instance,  tbe 
lierical  form  can  never  be  perfect:  e.  g.^  mercury  npcm  gSass,  water 
Bpon  glass  which  has  been  smeared  with  fat  or  lycopidium. 

The  cohesion  of  liquids  is  also  shown  by  a  certain  resistance  whicli 
ley  offer  to  the  force  of  gravitation,  when,  in  order  to  obey  that  ftirce, 
they  woidd  be  obhged  to  thvide  themselvcB  into  very  snmll  parts, — 
supposing  that  the  cohesion  is  not  at  the  same  time  op|)08ed  by  adliesion 
or  agitation.  Thus  mercury  will  not  run  through  fine  musUn,  nor  water 
through  a  metal  sieve  covered  with  fat  or  lyco[)odium. 

The  cohesion  between  the  particles  of  a  liquid  being  small  and  equal 
in  all  directions,  the  slightest  force  is  sufficient  tt>  disturb  them.  Tho 
motion  of  one  part  does  not  produce  an  eqtml  and  parallel  motion  in  idl 
the  rest  of  the  mass,  whereas  in  solid  bodies  the  a]>]tlication  of  a  shght 
force  produces,  not  a  disruption  of  the  parts,  but  an  equal  and  simihu' 
motion  in  the  whole  mass. 

Different  liquids  exhibit  different  degrees  of  cohesion :  the  cohesive 
power  is  for  the  most  part  very  nearly  proportional  to  the  density. 

Cohesion  of  Solids. 

This  force  ehows  itself  particxUarly  in  three  ways. 
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1 .  In  an  individual  portion  of  a  solid  body. 

In  this  caHc,  cf/hcaion  shows  itself  by  the  resistance,  which,  tip  in  a 
lain  limit,  it  oppoftea  to  any  mechanical  force  tending  to  separate  the 

particles,  llenoe  the  force  which  is  exactly  suiBcient  to  overcome  the 
cohesion  of  a  body  affords  a  measure  of  that  Cfihesinn.  (On  the  tenacity 
of  metals,  vid.  Morveau,  Ann.  Chim.  71,  194  ;  also  Gilb.  84,  209.) 

2.  When  separate  masses  of  like  nature  a>nie  into  close  contact  with 
one  another. 

If  the  Burfaces  are  imeven,  the  points  of  contact  arc  infinitely  small, 
and  the  ajhesivc  force  imixTa'ptihlo.  But  if  the  Ixxiics  touch  each 
otlier  by  large  flat  surfaces,  e.  g.,  well  polished  gluns  or  metal  plates,  the 
number  of  points  of  contact  is  greatly  increased,  and  the  cohesion  becomeB 
very  evident.  If  the  surfaces  t<»uclied  at  all  p«nntB,  the  cohesion  of  tlw 
Ixjdu's  would  I>e  as  powerful  in  this  direction  as  in  any  other. 

8.  When  Ix  idles  pass  gradually  from  the  liquid  to  the  solid  state. 
In  this  case  the  particles  unite : 

(1.)  In   msisses  of   indefinite  external   form,   which   refract  light 
singly  in  ovory  flirection,  are  equally  easy  or  equally  difficult  to 
separate  in  all  directions,  and  when  broken  exhibit  a  coucholdal 
fracture  •,  Amorphous  bodies,  such  as  glass  and  gum. 
Or, 

(2.)  In  maBsee  of  geometrical  shape,  bounded  by  flat  surfacesi,  and 
having  solid  and  dihedral  angles  of  constant  magnitude  for  the 
same  matter  and  fonn, — huving  as  great  a  degree  of  transparency 
as  is  consistent  with  the  nature  of  the  matter  of  wliich  they  are 
f«)rnied,- — for  the  most  pjart,  refratiing  light  dt)ubly  in  certain 
directions — and  Bnally,  presenting  greater  facilities  of  separation 
or  cleavage  in  certain  diriictioua  lying  in  determinate  planea 
than  in  others ;  Cri/gtala. 
Many  ImmUcs  are  more  disposed  to  the  amorphous,  others  to  the 
OiyBUUliuc  fonn  :  a  great  many  may  however  be  obtained  iu  one  state  or 
tlio  other,  according  to  circimiBtances. 

Crystallization* 

To  tMittble  A  body  to  crystallize,  it  must  first  be  brought  into  tbd 
Uquid  or  gaseous  state.  This  is  effected  either  by  elevation  of  temperature, 
in  oonBoquencc  of  which  the  body  molts  {{'opper.  Bismuth)  or  sublimes 
(Sal-amnioninr,  l(Kline),— or  else  by  causing  the  inxly  to  combine  with 
another  [iond<'nible  Ixjdy,  which,  either  at  the  ordiuaiy  or  at  a  sonicwhut 
higlier  teiniMTatun*,  is  liipiid  or  gnaeoUB  (salts  dissolve*!  in  water,  sulpliur 
in  sulphuret  v»f  carb«)tt,  sulphate  of  baryta  in  oil  of  vitriol,  cain|>iior, 
Ix-n/oji!  ueid,  Jkc.  in  alcohol,  iodine  in  hydricKlio  acid  gas): — the  ca uses 
which  have  brought  the  Intdy  into  the  fluid  state  must  subscqueutl/  ' 
remi>ved. 

1.  If  heat  has  lioen  the  only  licjnefying  power,  or  if  it  has  8erv< 
nader  •  solid  mora  soluble  in  a  fluid,  cooling  must  be  resorted  to.  To 
cilvtaln  definite  crystals  from  a  melted  maas  (sulphur  or  a  metal  fur 
instant-c),  it  is  uIIowihI  to  cool  to  a  C(>rtain  extent  only,  and  the  yet. 
p.,,...;..;,..,  liquifi  portion,  which,  if  left  in  cxmtact  with  the  lirst  formed 
<  I  Aould  unite  with  them  into  an  anioipliuus  mass,  is  poured  out. 

Till-  \.»|Hiur  of  sulphur,  itNline  or  sal-ammoniac  is  cxmducted  into  a  colder 
part  of  the  ai>]^>aratus,  where  it  ilejMfsits  cryBtals.  A  wanu  solution  of 
nowan  •■Its  in  water,  of  sulphur  in  sulphuret  of  wirbon,  of  camphor,  &c 


CRYSTALLIZATION. 


in  alcoliol  deposits,  uf)on  cooling,  in  the  crystallijie  stato,  that  portion  of 
the  sohd  liody  whidi  the  liquid  ia  not  capjiblc  of  retainiiig  in  solutiou  at 
the  lower  tt'iiipenttnre. 

A  rcmurkuble  anomaly  ia  often  observed  in  tho  coolinj^  of  such  solu- 
tions,  viz.,  that  when  kept  perfectly  «iill  and  in  covered  or  sto{>[»ered 
vessels,  they  may,  without  losing  their  li4juid  fomi,  be  cooled  much  behhw 
the  tern[>erature  at  which  they  uHualJy  crystallize;  under  these  circum- 
stances, a  sudden  cryHtatlizatiou  may  be  brong-ht  about  by  ag^itatiou,  the 
introduction  of  a  solid  iKidy,  &c.,  &c.  Of  tluH  the  fdUowidg-  are  exainjilee. 
Water,  wiien  c<^)oled  in  ojk'u  vessels  and  not  at  absolute  rest,  btdow  O'^C, 
BolidifieB  in  a  crystalline  mass  :  but  in  stoppered  buttles  or  thermoineter 
bullw,  it  may  often  be  cooled  as  low  as  —  G°  without  freezing',  and  when 
the  vessel  ia  Hlmken  or  opened,  or  a  piece  of  ice  put  in,  crystallization 
suddenly  takes  place,  the  crystals  beginning  to  form  at  several  ptunts  at 
once  and  quickly  radiating"  through  the  liquid ;  the  tem|)eruture  at  the 
same  time  rises  to  0°.  The  formation  of  mists  over  the  surface  of  lakes 
sometimes  observed  at  the  moment  of  freezing  is  ]>erl»ips  dependent  up<iu 
this  action.  Pure  pbosphoruB  Dielted  in  a  capsnle  luider  warm  water  will 
remain  all  night  in  the  liquid  state  at  a  temi>eruture  of  4-5°  C,  and  soliilify 
when  iKiured  out  upon  the  band.  (Clark,  Jul.  Jotim.  of  ^c.  7,  281.) 
Pbosphonia  Imiled  with  aiustie  potash  retaiuH  its  fiuid  state  ut  tlie  orrli- 
nary  temjitC'rature  fur  mouths,  when  kept  mider  the  solution,  and  sohdilies 
when  touched  with  a  dry  sulid  body,  (Puggeriddrfif.)  Siil|ihur  sublimed 
in  sniall  inelte<l  drojis  retains  its  Huid  state  over  night  at  the  ordinary 
temperature,  and  solidilies  when  touched  with  aiiv  solid  body.  (Faraday, 
Qu.  Jour,  of  S<\  21,  31*2;  also  Pogj.  7,240.)  Sulijhur  preci]iitated  by 
water  from  chloride  of  sulphur  remains  fluid  at  tlie  bottom  of  the  litjuid, 
but  siiliilitles  immediately  on  exposure  to  the  air.  (Poggendorff,  Pmjij. 
7,  241.)  Glacial  acetic  acid,  which  in  o{Kni  vessels  crystalliises  at  +  lG^C., 
may  be  cooled  to —  12°,  even  with  agitation,  in  8top|iered  bottles  without 
solidifying:  if,  however,  the  vessel  be  oi>ened  and  shaken,  it  crystallizes 
at  +  15^,  even  when  the  outward  air  is  warmer  than  the  acid,  the  crys- 
tallization  beginning  at  the  toj)  and  i[uickly  shooting  through  the  whole 
IMBS.  {iJiwifi,  Crell.  Aim,  1790,  1,  20t)/Geiger,  Schiv.  13,231.)  Oil 
of  anise,  when  cooled  at  rest  in  a  closed  vessel,  often  remains  liquid  till 
it  is  shaken,  crystallization  theii  taking  place  instantaneously.  (Buchner, 
Report.  15,  64.)  Scheercrite,  after  fusion,  may  be  kept  in  the  liquid  state 
at  ordinary  temperatures  for  several  days,  and  crystallizes  instantly  on 
being  tonclied  with  a  platinum  wire  or  glass  rod.  (Stromeyer,  Kwsin, 
Archiv.  10,  114.) 

Many  salts  dissolved  in  hot  water  exhibit  this  anomaly,  espocially  sul- 
phate of  soda.  A  hot  solution  cotisisthig  of  equal  imrts  of  water  and 
crystallized  Glauber's  salt  (sulphate  of  soda  with  10  atoms  of  water  of 
crystallization)  dues  not  crystallize,  either  on  sluw  cooling,  or  when  quickly 
cooled  by  unmersion  in  cold  Avater, — whether  it  be  contained  in  a  hnro- 
meter-tube  freed  from  air  by  boiling;  or  in  an  exhausted  well-closed 
vessel;  or  in  an  open  vessel  with  a  layer  of  oil  of  tuqientine  upon  its 
surface  (Gay-Lussac)  ;  or  in  a  vessel  contauiing  air,  either  well  stojjped 
or  merely  furnished  w^ith  a  htose  cover  (Sehvveigger);  or  in  an  ojieu 
vessel  nnder  a  bell-jar  full  of  air  and  closed  at  the  botturn  with  a  water- 
joint  ;  or  iti  open  bottles  ]>laced  in  a  quiet  situation  ;  or  in  an  open  glass 
enclosed  iu  a  stop|K;red  vessel  containing  air  aud  some  potash  to  di-y  it,  in 
whicli  Glauber's  salt  efHoreHces,  and  when  washed  down  again,  does  not 
cause  iustaut  crystaUlzatioQ  but  dissolves.    (Ziz.)    The  crystallizatiou  of 
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■  pered  boltle,  cryRtallizea  when  agitated,  without  roquiiing  the  bottle  to  bo 
1^  opened,  the  tt'iri[K»rHture  at  the  some  time  rising  very  cniiBiderably. 
(Ooxe.)  The  addition  of  a  few  dwps  of  oil  of  vitriol  or  oxalate  of  iiniino- 
nia  does  not  cause  it  to  oiystaUizo ;  but  crj'stallization  takes  place  when 
cold  water  in  poured  upon  the  liquid  or  a  stream  nf  diy  air  directed  upon 
it.  (Ogdeti.)  A  solution  of  1  part  of  cr^'stallized  carbonate  of  soda  iii  4 
parts  of  warm  water,  when  cook-d  below  +  10°  C.  crystallizes  on  open- 
ing and  Bhakinff  tlu;  bottle,  the  tetii|N'r:i(ure  rising  about  H".  A  highly 
concentrated  smution  of  aet-tate  of  soda  remains  liipiid  when  cooled  to 
+  10°  in  a  loosely  stoppered  vessel:  but  on  iKiiiriug  it  into  another  vessel,  it 
Bolidifies  to  a  fibrous  mass,  the  temperature  rising  to  52.5°.  (Gm.)  Under 
Biniilar  circumstances,  Ilashoff  (Br.  Arrhiv.  3M,  32<>)  obtained,  up>n 
Btirring,  a  rise  of  tenijierature  of  59°  C.  The  introduction  of  a  crystal  of 
acetate  of  soda  pnxhices  ciystallization,  but  not  so  tpiickly  as  iu  the  case 
of  sulphate  of  soda.  (Ogden.)  A  hot  solution  of  sulphate  <^>f  magnesia 
often  remains  thiiil  when  cuoled  in  close  vessels,  and  yields  granular 
crystals  wlicn  shaken.  (Coxc.)     A  droj)  of  alcohol  produces  in  the  sotu- 

■  tion  a  nucleus  fnun  which  the  ciystallization  rarliates.  (Ogdon.)  A  mix- 
ture of  nitre  and  Bulphurie  acid  yielded,  after  heating  for  some  time,  a 
clear  licpiid  which  did  not  crj'.stallize  on  cooling  till  a  crystal  of  nitre  was 
thrown  in,  a  rise  of  temperatin*e  then  taking  place.  (Green,  Gilb,  70, 
320.)     The  following  salts  exhibit  similar  phenomena  to  the  above : — 

IHypoaulphate  of  soda  ( Ileeren) ;  rarlxmate,  phosphate  and  borate  of 
Boda  (Gay-Lussac) ;  nitrate  of  lime,  sulphate  (»f  magnesia,  sulphate  of 
copper  and  nitrate  of  silver,  acetate  of  lead  (Fischer,  Schw.  12,  1H7); 
nitrate  of  anmionia,  bisulphate  of  potash,  btchroinate  of  p)ta8h,  chloride 
of  barium,  sulphate  of  magnesia  an<l  amnntiiia,  sulphate  of  zinc,  ferru- 
cyanidc  of  potassium,  oxalate  of  ammonia,  tartrate  of  potash  and  soda, 
and  tartrate  of  antimony  and  potjtsli.  (Ogden.)  Warm  solutions  of  aluin, 
pnttosulphate  of  iron  and  sul[pliate  of  copjier  deposit  considerable  quanti- 
ties of  crystals  upon  ctmling;  but  opuening  of  the  vessel  and  shaking 
bring  out  a  fresh  quantity.  (Coxe.)  Nitro-saccharic  acid  also  exhibits 
this  j)roperty.  (Mulder,  J.  pr.  Ch.  16,  293.)  The  following  salts,  on  the 
contrary,  crj'stallize  out  from  a  warm  solution  on  the  slightest  lowering 
of  temperature  : — Sulphate  and  hydrochlorate  of  ammonia ;  sulphate, 
chlorate,  nitrate  and  neutral  cliromate  of  potash  ;  chloride  of  potassium, 
chloride  of  sodium ;  baryta,  strontia,  nitrate  of  Itaryta,  sulphate  of  mag- 
nesia and  potash,  nitrate  of  lead,  corrrtsive  sublimate  and  oxalic  acid. 
(Gay-Lussac,  Ogden.)  Generally  speaking,  thf)se  salts  which  exhibit  tlie 
annmaly,  ciystallize  in  condtination  with  a  large  quantity  of  water  of 
crj-stalhyjition  (bichromate  of  fwitash  and  nltnite  of  silver  excepted),  arid 
those  which  do  not  exhibit  it,  with  little  or  no  water  of  crj-stallixation. 
This  anomaly  is  explained  by  Horthollet  (Sfatique  Chim.  1,  32,)  and  by 
Gay-Lussac,  on  the  supposition  of  a  sluggishness  <>f  the  idtimate  particles 
of  the  salt.  So  also  Thenard  suppises  that  the  partich;s  are  brought  by 
agitation  into  different  relative  jmsitions.  (It  must  be  ob8er^-ed,  however,, 
that  shaking  in  closed  vessels  often  fails  to  produce  crj-stallization.)  At 
all  events  it  may  be  admitted  that,  iu  those  cases  in  which  the  cohesive  force 
has  gained  the  preponderance  over  other  forces,  such  as  the  aflinity  of  a 
body  for  heat  or  for  jxjnderable  solvents,  mechanical  disturbance  is  often 
required  to  bring  it  into  active  opieratioa.  Compare  Gay-Lussac  {4^nn. 
Chim.  87,  225,  also  Scliw.  9,  70;  rJcewise  Ann.  Chim.  Phya.  11,  301); 
Schweigger  {Sdm.  9,  79);  Ziz  {Schw.  15,  160);  Thomson  {Ami.  Phil.  19, 
169") ;  H.  Ogden  {N.  Ed  Phil.  J,  13,  309). 
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II.  If  the  crystal lizable  body  has  been  liquefied  by  combination  with 
another  fxindorablo  bf>dy,  the  lattc-r  uiust  1*  scjiarated  from  it.  This  is 
effected,  either  by  driving  uff  the  latter  in  the  furai  of  vap<;tur,  at  a  high 
or  a  low  temperature,  in  the  ojien  air  or  in  vacuo,  as  the  case  may  be,  or 
else  by  retnoviug  the  hM»lvent  by  virtue  of  its  atHuity  for  another  p^juder- 
ablc  body.  Thus,  nitre  erj-fitallizes  from  an  arjueoua  solution  on  the  addi- 
tion of  alcohol,  camphor  from  an  alathohc  aolution  on  the  addition  of 
water,  iodine  from  iitu  solution  in  hydriodic  acid  gaa  ou  the  iiitroductiou 
of  a  emali  quantity  of  chJorine. 

During  cryatallizatiou  the  following  phenomena  are  observable:— 
1.  The  more  slowly  the  Hquetied  body  is  brought  back  to  the  solid  state, 
and  the  more  the  liquid  in  kept  at  rest^  the  smaller  vh  the  tiumber  and  the 
greater  the  size  and  regularity  of  the  crj'stals;  but  if  the  solvent  be  co<iled 
or  seiMirated  quickly,  the  erybtab  are  tiuuieroUH  but  small  and  ill  defined. 
For  in  the  fonner  case,  the  jwirticles  uf  tlie  solidifjn'ng  bndy  have  time  to 
miite  iheujselves  regularly  with  those  which  Hcparate  first  fnuu  the  duid, 
and  form  nuclei  of  crystallization;  if  on  the  contrary  the  crj-stalliacat ion 
takes  place  rapidly,  a  great  nunilwr  of  f)articlea  8o!i<iify  at  the  same  time, 
each  fornmig  a  uucleuB  to  which  other  iwjrtiona  may  aKacli  themselves, 
and  thus  we  obtain  a  numlior  of  crysluls  irregularly  funned  and  inter- 
lacing each  other  in  all  directions.  In  this  c^msists  the  difference  Ivetween 
Bugur-candy  andh»af-8ugar;  similarly,  all  granular  and  tibiijus  Ixjdies,  such 
as  statuary'  marble  and  fibrous  gj'psmn,  must  be  regarded  as  collections  of 
imjwrfectly  formed  crystal.^  equal  in  number  to  that  of  the  grains  or  fibres. 
To  obtain  crj-stals  as  large  and  regular  as  jjossible,  Leblanc  recommendB 
(./.  /'Ay.*,  bb,  3<M()  to  allow  a  solution  n<.it  quite  saturated  to  cool  slowly,  mt 
that  none  but  distinct  crystals  may  be  formed,  then  to  pick  out  the  best 
formed  of  these  and  lay  them  separate  from  one  another  in  a  sohitiou  of 
the  aanoe  salt,  which,  by  gentle  warmuig  in  contact  with  the  salt,  has  l>een 
made  to  hold  in  solution  a  quantity  of  it  just  a  Uttle  greater  than  tliat 
which  it  can  retain  at  the  ortUnary  tem(>erature,  so  that  it  may  deposit 
this  excesB  on  the  crystals  laid  in  it.  This  treatment  is  reix>ated  till  tho 
crystals  have  obtained  the  desired  magnitude,  care*  being  taken  to  turn 
them  frequently,  because  the  surfaces  resting  ou  the  buitora  art»  ui  a  less 
favourable  jM»8ition  than  the  rest  for  taking  up  fresh  particles.  The 
trouble  of  n^peatedly  preparing  a  slightly  fiU[>enMituratcd  solution  may  be 
saved  by  suspending  in  the  up|)er  part  of  the  liquid  a  quantity  of  the  salt 
contained  in  a  bag  of  mnshn  or  a  funnel.  For  whenever  the  temperature 
ris<'fi.  the  warmer  f>art  of  the  liquid  will  come  to  the  surface,  where  it 
will  (hssolve  a  [M>rtion  of  the  stispended  salt,  and  then  becoming  specifi- 
cally heavier,  it  will  sink  to  the  bottom  of  the  vessel  where  the  crystals 
arc  placed:  thus  tho  crystals  will  continue  to  grow,  and  nothing  furtlier 
will  l>c  neccssjuy  than  to  turn  them  frequently. 

2.  (icnerally  sj^K^akiug,  crystals  exhibit,  so  far  as  can  be  observe<l, 
thc>  some  external  fonn  on  their  first  formation,  that  th<>y  have  at  a  sub- 
eequeut  Htag(\  Prolwibly  the  primitive  form  is  first  developed,  aiid  |>asses 
into  (he  socoiidary  by  the  KubHcijuent  annexation  of  matter  according  to 
fixed  hiwK.  Thus  the  oetohedron  of  alum  exhibits,  as  lately  observed  by 
F.  Richtcr  {Zaivhr.  1%  v.  H*.  0,  .'U8),  the  same  truncations  of  the  odg«.'s 
and  summits  at  its  first  formation  as  after  its  complete  developnxMit. 
When  however  tin*  fonnatinn  of  crystals  is  puffrrrd  to  j^o  on  :>1  iTitorMils 
and  in  Iti^uids  of  different  na(ua\  the  ex) 

fied.     This  may  be  observed  in  cc^rtain  <-  ^    '  ;i 

pcwtcm  a  nucleus  and  aa  envelop  of  different  colours.    Fluor-spar  exiu- 
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fci'ta,  according  to  F.  Riclitor  {Zeifschr.  Ph.  v.  W.  2,  111),  thp  following' 
forms :  a  rosp-coloiircfl  octoliedron  witlitn  a  green  cnl>c ;  a  yellmv  eulxi- 
octoIiedroM  {Jiij,  4)  wlmse  octohodral  faces  alorio  arc  covered  with  a  violet 
layer;  it  l)hic  dodfealifilnm  {Ji<j.  'A)  envt'Iu[K'd  in  a  grirn  cube;  a  cubo- 
octnlirdron  [fuj.  4)  witliin  a  pyramidal  cube  {fig.  9),  &c.  In  hucIi  avses  the 
inner  and  outer  ma-ss  always  oxliiliit  parallel  cleavag^e.  .Similar  jiheriomena 
are  also  setin,  according  to  Riclitcr,  in  calcspar  and  other  minerals. 

3.  Cryptals  are  formed  in  situations  wliere  the  prineitile  of  lliiidity  is 
removed  from  them,  or  where  they  are  ted  to  attach  themselves  by  adhe- 
sion, rienee  they  fonn  on  the  surfaee  of  the  li{[nid,  in  ko  far  as  evaporation 
mid  (-(Kilirig  by  the  iriflnenw  of  the  air,  or  adhcHion  of  tl>e  air  to  the  cryH- 
tal8,  can  give  rifie  to  their  prodnetion ;  also  on  the  bottumR  and  sides  of 
the  contfliiiing  vessels,  inasmneh  as  these  abstract  heat  and  exert  adhe- 
aive  power  on  tlie  crystals ;  lastly,  on  solid  bodies  immersed  in  the  liquid, 
Bucb  bodies  acting  by  adhesion.  P'or  the  most  part,  ci-^'stals  deposit 
themselves  more  easily  <m  wood  and  string  than  on  jMircelain,  glass,  and 
metal ;  more  easily  on  poreelain  than  on  glass ;  on  rongh  than  on  smooth 
glass: — compare  Griffiths  {Ann,  Pharm.  22,  21(1).  llenee  it  is  easy  to 
explain  the  fact  that  when  a  glass  containing  a  crystallizjvblc  lirpiid  is 
scratched  with  a  gla,'*8  rfid,  the  crj'stals  dejionit  themselves  in  preference 
on  the  scratches.  The  first-formed  mass  of  crystals  serves  for  the  rest  to 
attaeli  themselves  to,  and  attracts  them  more  strongly  than  foreign  bodies 
would.  Thus,  according  to  Lowitz,  the  introduetiou  of  a  crystsil  of  nitre 
into  a  solution  of  nitre  and  (iliiuher'g  salt,  prepared  hot  and  suhserpiently 
ccMded,  canses  the  nitre  to  se]Kirate  alone;  a  crystal  of  GlanlH.>r*B  salt 
removes  only  the  (Jiauber's  salt ;  whereas  if  the  solution  Ixi  left  t<i  itaelf, 
both  salts  ciystalli;:©  out  together,  the  ciystals  interliicing  each  other. 
If  a  drop  of  a  solution  of  gj'psum  lie  left  to  evaporate  im  a  freshly  cleft 
surface  of  a  crystal  of  gj^jisuni,  the  mieroseoiHi  will  show  an  irinunuirable 
collection  of  crj'stals  of  gj-psum  formed  on  the  surface,  all  par.ille!  to  one 
another  and  to  the  original  crystal.  If  the  pvai>u-atton  takee  place  on  the 
surface  of  a  foreign  body,  this  parallelism  is  not  observed,  (Prankenheim, 
Pogg.  27,  516.)  When  a  solution  evafiorates  below  its  hoiling-point,  the 
first  crystals  are  usually  de]K)sited  on  the  sides  of  the  vessel  iit  the  upper- 
most surface  of  tlie  Utiuid  :  another  [lortion  of  tlie  liquid  often  rises  through 
these,  and  yields  hy  cvaitoration  new  ci'j'stals  wliieh  ultimately  make  their 
way  over  the  edge  of  the  vessel.  This  is  Efflorescence.  When  crystals 
form  at  the  bottom  of  a  liquid,  a  current  is  ]>rodue*d,  because  the  indi- 
vidual crystals  take  from  that  part  of  the  solution  with  which  they  are 
immediately  iti  contact,  as  nmeh  of  the  salt  as  is  fK>8sib!e  luider  the  exist- 
ing circumstances  ;  consequently,  this  ]mrt  of  the  lifjuid  iK-eomes  lighter 
and  rises  to  the  surface,  its  place  Iwing  supplied  by  a  more  satiu-ated 
portion  of  the  liquid. 

4,  When  a  body  crj'stallizee  from  solution  in  a  Uquid,  and  the  latter 
is  not  completely  removed  by  evaporation,  there  remains  a  jMirticm  called 
the  Mother-UffioT  (Kan  mere,  Mtitterhnigc).  This  lifpiid  holds  in  sohition 
as  much  of  the  crystallizing  body  as  is  consistent  with  its  quantity  and 
tenijieratiu'c.  It  often  hapjx-ns,  especially  when  crvstallization  procioeda 
raf)idly,  and  the  crj'stalliiin  larninie  in  the  act  of  luiituig  leave  small 
spaces  between  them,  that  small  and  (even  with  regard  to  the  same  sub- 
stance) very  variable  quantities  of  the  mother-litpjid  remain  enclosed  in 
the  crystalline  mass,  fomiing  the    Waicv  of  Decrejn'tiitimi  (Zeffcnutt^^nngs- 

^Kmser).     Crj'stals  which  contain  li(|uids  thus  enclosed  and  do  not  melt 
?w  the  boiling  point  of  the  mother-lirjuid,  exhibit,  when  heated,  the 
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plicnomena  of  Dtcrtpitation  (Zerknistem),  the  vapour  given  off  from  the 
niotlior-li)]md  bursting  the  crystalline  mass  with  violence.  This  water  of 
di'd'c^iitiitinn  which,  as  an  accidental  niechanic^il  adniis^ture,  hag  no  influ* 
ciict"  11(1  tlu'  fomi  of  the  crystal,  is  altogether  different  and  mnst  be  care- 
fully tlistiii^'-iuslied  from  the  chemically -couibmed  water  which  certain 
oryHtul.s  contain  in  definite  proportion,  and  which  is  essential  to  their 
cryHlullinc  form.  Common  salt  crj'stallized  by  slow  evajMjration  from  an 
ii(|UcuiiH  H<»liili«>n  does  not  decrepitate;  but  when  crystallized  by  rapid 
boiling  of  the  liquid,  it  decrepitates  ^^oIently.  Many  forms  of  calcspar 
decrepitate,  others  not.  According  to  Baudnmont  {J.  Phitnn.  2'2y  337), 
who  regiirtlK  decrejiitation  us  the  riniult  of  unequal  heating  of  laminar 
miiHwesCO,  the  salts  wliich  exhibit  this  property  most  strikingly  are; 
iodide,  bromide  uiid  chloride  of  potassium,  bromide  and  chloride  of  sodium, 
■ulplmte,  clirorimte  and  bicliromate  of  potash,  nitrate  of  baryta,  red 
ferrocyanjdo  nf  jHitassium,  and  cyanide  of  mercury. 

iJeercpitatinn  takes  place  for  the  most  part  in  those  crystals  obtained 
from  (ii|ui'oiiH  solutions,  which  do  not  contain  chemically  combined  water: 
iM>me  HtiltH,  liowever,  which  contain  small  quantities  of  combined  water, 
HUeh  as  l)ie;it'l>onalt>  of  )>otash,  bitartrate  of  potash,  tartar-emetic,  and 
neutral  ae(»tuto  of  copper,  decrepitate  shghtly,  from  containing  mother- 
liipiiil  nieeliiiiiienllv  iiiclosed  in  them.  The  occmrence  of  decrepitation 
111  i'liloridc  nf  Hodiiim  urtilicisdly  crystallized  from  an  at{ue<ius  solution, 
uinl  t(s  (iiiri-iH-einrenee  in  nK-k-salt,  leails  to  the  supj-Kisition  that  the 
latter  Iuih  Iic(  n  ervKtuilized  from  a  state  of  igneous  fusion.  There  is  but 
one  variety  ^>'i  roek-sult  llmt  d».H-n.!pitate8  when  heated,  viz.,  the  decrepi- 
Uiting  salt  of  Wielit/,k»,  the  deci*epittttion  proceeding  however,  not  fmm 
IDecliHiiiruNy  idrlmletl  u'tiler,  but  from  hydiogeu  and  other  uiHamuiable 
(fOHeH  e'xiKliiig  ill  (lie  Kiilt  in  a  high  state  of  o^ndensation.  A  similar  phe- 
nomenon in  iilmrrved  in  niuuy  erystallized  niiuerab  occurring  in  metallic 
vwns,  nueh  an  heavy  K(M»r,  ealcsfvar,  tluor  spar,  iron  spar,  lead  spar, 
galena,  iron  pyrites,  eop|M'r  pyriles,  grey  copper  ore,  &c.,  which  sorno- 
times  deerepiluti',  sonietinu'H  nitt;  and  in  the  fonner  case  give  out,  not 
walttr,  but  proluibly  a  gas  whii'h  was  enclosed  between  their  lamiute 
in  a  highly  compreKwd,  |*i<rha[iH  even  in  the  hquid  state.  (U.  Kose, 
Pmlif.  \H,  354.) 

If  a  ttojution,  in  addition  to  Ihe  erystaUizing  siibstance,  likewise  con- 
tttiiiM  othetK  which  iire  K-hh  easily  erystallixable,  the  latter  will  remain  in 
1h«t  mother-ti(|iU(l  after  the  se]Minili<tn  of  the  greater  jiart  of  the  former. 
Thin  ein'umHlaiiee  funiinlieH  ii  iriethod  of  purifying  easily  cr^'stallizablo 
NubHlanees  l.y  ri>|H'ated  solution,  cryMtallizatiou,  pouring  off  of  the 
Hjother-liqnid,  wuHhiii>f  with  Hniiill  qiuuitities  of  the  cold  solvent,  and 

Iiri'Msing  iM'tween  blotting  |ta|H>r.  In  this  metho<i  of  pun6catiou.  the 
onuation  of  li»rg<<  erynlals  by  slow  ctKiling  or  eva(xjration  is  usually  pre- 
frrrifj,  lHH-ani«e  they  prenetit  fewer  surfaees,  and  are  therefore  more  easily 
frifd  i»y  wjwliing  Inini  the  adhering  mother-liouid.  On  the  contrary',  in 
the  new  Kreneli  method  of  purifying  salt|>elre,  the  smallest  |x)ssible  crys* 
lain  an:  fonned  by  eonrttant  stirring  and  rapid  i>ooling  of  the  hot  solution, 
beuauao  large  eryntads  of  this  Halt  tHintain  a  greater  quantity  of  mt>chani- 
cai^y  ioduded  niother-liipiid,  which  cannot  lio  removed  by  washing.  If 
iMkWercr  it  Ik'  rememU'red  that  the  more  slowly  crvHtallization  takes 
phoe,  the  tens  iH  the  quantity  of  mother-liouid  inclosed,  and  moreover 
that  small  crywIaU  are  much  more  dilljeult  to  fnv  from  licpiid  adhering  to 
'■^  surfacr  tlmn  large  ones,  we  shull  probably  agree  with  Clement  and 
ormtM  {Ann,  Chim,  02,  248),  notwithstanding  the  objections  of  Long- 
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champ  (Ann.  Chim.  PTtijs.  9,  200)  in  giving  tho  preference  to  slow  crys- 
tallization.  The  methodical  punficatioii  of  a  salt,  saltpetre  for  example, 
by  crystallization,  may  be  conducted  as  fnllows:  (1.)  The  saltpetre  is 
heated  with  water  in  a  vessel  a,  till  it  is  dissolved.  It  is  then  left  to 
crj'stallize  by  cooling,  and  the  mother- liquid  is  poured  off  as  completely  as 
possible  into  another  vessel  n,  by  jj^radually  iijeliiiiug  the  vessel  a  ;  the 
ciystals  are  then  repeatedly  washed  with  a  small  qiiantity  of  cold  water, 
which,  after  such  washing,  is  run  off  as  coni[iletely  as  jnssible  into  b, 
(2.)  The  vessel  a  is  heated  with  water  till  the  salt  is  dissnlvcd,  twd  b 
till  \  of  the  contained  liiinid  is  evaporated ;  the  motlier-hquid  from  b, 
after  the  crystals  are  dep<i8ited,  is  poured  iut(»  a  tliird  vessel  c  ;  the  crys- 
tals in  B  are  repeatedly  washed  as  aforesaid ;  then  the  mother-Uquid  and 
likewise  the  wash-water  fnmi  a  arc  poured  upon  the  crj'stals  in  b.  (3.)  All 
three  A'cssels  arc  heated  till  the  crystals  hi  a  are  dissolved  in  fresh  water, 
thoHo  in  B  in  the  mother-liijuid  and  wash-water  from  A,  acid  the  liquid  in  c 
sufficiently  concentrated.  In  this  manner,  the  process  is  continued,  smaller 
and  smaller  vessels  being  used  in  the  succoaaive  stages,  till  the  saltj>t?tre  in 
A  ai)}K.'ars  [K-rfectly  pure,  then  that  in  u,  and  so  on.  Nearly  all  the  im- 
purities of  the  8aU|)etre  coiled  in  tlie  last  vessel  a;  those  near  it  contain 
small  quantities  of  the  salt  in  an  impure  state. 

b.  The  fonnation  of  crystals  is  always  accompanied  by  develojiment 
of  heat :  this  is  particularly  evident  when  the  crystalliKation  is  rapid,  and 
is  therefore  most  consjiicuous  in  the  Ix-fore-mentiotied  anoiiiah)UH  cu»o«  of 
the  sudden  crystallization  of  a  cooled  hqiiid.  In  a  few  instances,  crystal- 
lization is  attended  with  production  of  light,     {vide  Light.) 


External  Form  of  Crtfttab, 

The  number  of  crystalline  forms  amounts  to  several  thousands. 
According  to  the  propxirtions  of  their  linear  dimensions,  or  axes,  they  may 
be  arranged  in  a  small  number  of  groups,  which,  in  Weiss's  St/stem  of  Crys- 
talloffraplni  (Abh.  d.  pliififil:.  Classe  der  K.  Akademie  d.  Wias.  zu  Ba-lin,  1814, 
1815,  S.  298),  are  as  follows : — 

A.  The  pro|K)rti(tti  of  the  parts  may  be  determined  by  three  linear 
dimensionfl  or  axes,  at  right  angles  to  each  other. 

«.  The  three  dimensions  equal.  Retjvktr,  SphertiuM,  Tessular  system. 
(Reguliires,  epharoedn'schcs,  teasulariachws  Krystallsysteni.) 

D.  All  the  faces  of  the  ciysta!  similar;  at  each  end  of  the  axis  the 
relation  between  the  faces  in  four  directions  is  the  same.  Howoq>herdvhil 
8i/ntem  (Ilomosphjiropdnsches  System)  to  whidi  Iwlong  the  cube,  regular 
octohedron,  rhoinbnirl'd  dndecakedronj  trapezokfdron^  pyramidal  cttbe,  pyramidal 
octahedron,  pyramidal  dodccahedvon^  &c.  (Diamond,  sal-ammouiac,  common 
salt,  Bulphurt't  of  Kinc,  mnst  simple  metals,  &c.     Fig.  1 — 12.) 

ft.  One  half  of  the  similar  faces  is  obliterated  by  the  nther  half :  at 
each  end  of  the  axes,  a  similar  relation  of 'the  faces  exists  in  two  opposite 
directions  only.  Hemispbermdat  syMfm  (Ilemisphivroi-drisches  System), 
To  this  belongs,  on  the  one  hand,  the  regular  teirahedron  foimed  by  the 
obliteration  of  fuur  fac-es  of  the  rcgidar  ot-tohedron,  with  its  modifications 
(Fahlerz,  boracite,  ^ff.  13 — 17):  and  on  the  other  hand,  the  pentagonal 
dodecahedron  and  its  modifications,  formed  by  the  obliteration  of  12  faces 
rOf  a  pyramidal  cube.     (Inm  pyrites, Jfj.  18 — 20.) 

b.  Only  two  axes  equal,  Four-membered,   Two  and  onc'nxi*,  or  Square 

tic  System  (Viergliedriges,  zwei-und  einaxiges  oder  quadratisches 

;m),  to  which  belong  the  acute  and  obttise  octohedron  tvith  a  sqtiart 
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base,  the  square  prism,  and  the  reg7tiar  octagonal  prwn  (Molybdate  of  lead, 
sdrcon,  falomcl,  forrocyanidc  of  potassium,  liii-stoui?,  &c.     Fig.  21 — 40.) 

C.  All  three  axes  unequul. 

a.  All  the  similar  fact's  exist :  the  j>riniitive  form  to  which  the  others 
may  be  iininedialely  reduced  is  an  ootoliedrfui  with  a  rhombic  base.  2\u>0 
ami  tu'o-viembertdf  Ont  and  one-aais,  fir  Bight  prismatic  system  (Zwei  And 
zwei-p:lii'<h-ipre«  odet-  ein  und  ein-axlges  System).  This  comprisea  the 
fhomhic  octiifirdron  (fig.  41),  the  rectangular  octohcdron  (Jig.  47),  two 
donbU  tetrahedrons  (one  represented  in  fig.  54),  the  vpiight  rhombic pristn 
(Jig.  44),  the  rectangular  prism,  and  iiuineroiiH  more  conii)licated  forms. 
(Siilphiir,  nitrate  of  j)(>tash,  sulphate  of  lead,  heavy  spar,  Bulphate  of  ma|f- 
ceeia,  &c.    F)ig.  41 — 80. V 

ft.  Part  of  the  ftimiJar  faces  obliterated ;  the  tower  fore  and  npper 
back  y-Hurfacea  of  fig.  54.  The  jiriniitive  form  is  a  rhombic  prism  with 
obhque  terminal  fact^s,  so  placed  that  one  diagonal  of  the  tevtninal  faces 
IB  perpendicular  to  two  of  the  lateral  edges,  the  other  diapfonal  inclined 
to  the  remaining  edges  ;  sometimes  the  base  is  obliquely  inclined  to  the 
obtuse  lateral  edges  (Jig.  81),  sometimes  to  the  acute  ones  {Jig.  91),  To 
this  system  also  belongs  tho  oblitpm  rcctumjuiar  prium  {Jig,  82  and  92). 
Tiro  and  one-metitbered  or  Oblique  prifmaiic  !>>(»tem  (Zwei  vmd  cingliedriges 
System)-  (Angite,  borax,  gyjwiun,  phosphate  of  utnraonia,  green  vitriol, 
&<*•»  Jig-  *^1  —  11U-)  A  modification  of  this  Kystcm  is  the  one  and  tuHh 
memberrd  (ein-und  zweigliedriges  System.) 

7.  We  must  here  introduce  the  system  discovered  by  Mitscherlich 
(Pogg.  8,  427)  in  byjMisuljdiite  of  lirne  and  protonitrate  of  mercury,  the 

Erimitive  form  <if  wIiIlSi  is  a  rhondnc  jirism,  ui  M-liieh  tlie  faces  u  and  m 
ave  the  wame  value,  but  the  base  is  oblinueiy  ini-liiiud  (o  all  (he  lateral 
edges:  as  hapf)ens,  for  example,  when  the  face  a  {Jig.  09)  ubtitorates  the 
faces  1'  and  a  (jig.  V2H), 

f>.  By  obliteration  of  two  parallel  »/-faceH,  and  two  parallel  u^faoM 
(^fig.  54)  at  onco,  nnd  replacing  of  the  latter  by  two  new  faces 
there  arieeH  a  rhiunlKiidal  prism  whoso  terniiiial  faces  arc  obliq 
inclined,  in  such  a  manner  that  both  their  diagonals  make  oblique 
angles  with  the  lateral  edges  of  the  prism,  Otdy  the  j«iraltel  faces 
and  the  diagonally  opjioscd  edges  and  siunmits  are  eqiml  and  similar. 
One  and  one-meinltertd  f»r  Doublij  oblique  prismatic  fi/ftem  (Ein-und 
cingliedriges  System).  Siilphatc  of  coi)por,  boracic  acid,  gallic  acid,  Ac 
Fig.  121—180, 

B.  The  relation  lietwei-n  the  parts  of  the  crj'sial  may  bo  determinod 
by  assuming  4  linear  dimensions,  3  of  which,  of  equal  length,  are  con- 
tained ill  one  plane  and  inclined  to  one  another  at  angles  of  60" :  the 
fourth  18  placed  at  right  angles  to  them.  Tiiret  and  otte-ojcie  or  Jihotn- 
toAtdtat  si/ftetn  (Drei-und  einaxiga*  Sgntevi). 

a,  .K\i  the  similar  faces  exist :  at  each  end  of  the  lateral  axes,  tho 
Bamc  n?!atiou  of  the  faces  exhibit*  itself  both  above  and  Im'Iow.  Sit' 
mfmitrtd  tnttm  (SocbB-gliedriges  System)  including  the  dtmble  tioMidtA 
pgramidf  tho  tbihmded  and  twehe-siikd  prism,  jkc.  (Apatite,  Ac  JU, 
181—140.) 

b.  Of  each  pair  of  nlmilar  and  parallel  faces,  one  is  wanting; ;  at  each 
end  f»f  the  lateral  axe**,  the  up^»er  face  or  faces  differ  from  the  mwer  both 
in  uuinl>er  and  situation.  Thrre  and  ihrre-mrmbrred  tn/stem  (Drei-und 
dttigliedrigrs  mfftrm).  The  primitive  form  of  this  system  is  the  rhom- 
Mtdrtm,  which  we  may  Imagine  l»j  lie  fonned  from  the  dttuble  six-sided 
pjrmmid  by  the  obUtcration  of  half  of  th43  faces  oltcmately  disposed. 
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(Calcspar,  cinnabar,  peroxide  of  iron,  seaquioxide  of  chromium,  &c.,  jig, 
141— 1(50».) 

Tfie  primitive  forms  of  these  systems  are,  moreover,  subject  to  innu- 
lerable  nnHlinctitiitJis  from  truiictttions,  f«iruiatiou  of  edges  aiid  angles, 
^divjsiouH,  and  ciu-vatiu'os, 

Tlip  same  kind  of  matter  may  crystaJlise  in  various  forms,  which,  how- 
r^ver,  in  most  cases  belong  to  one  single  crystalline  system  only,  are  Lv>m- 
Lpfitible  with  regiird  to  their  angles,  and  may  be  deduced  from  a  c<inunoa 
^.primitive  form.  Thus,  calcspar  oocms  in  niure  than  lot)  ci^-stallinc  forma, 
■which,  however,  all  belong  to  the  3  and  3-membered  system,  and  are 
derivable  from  an  obtm^o  rhombohedron  {fifj.  141).  If  we  arc  ac^iuninted 
with  but  one  fona  of  a  ciystalline  body,  we  may  yet  conclude  that  the 
l«idy  might,  under  certain  circumstances,  assume  uil  the  other  forma 
IxdfMiging  to  tJie  same  system.  iWhy  the  same  nubstain-es  slmutd  assume, 
sometinuia  one  sometimes  another  form  belonguig  to  the  ssime  system,  is 
not  yet  satisfactorily  ascertained.  According  to  BeiidaJit  i^Ann.  Chim. 
I'hifs.  8,  5),  tt;m|»eniture,  electrical  condition,  the  cofu^'ntration  and 
volmne  of  the  litiuid,  the  form  and  substance  of  the  contauiing  vessel, 
the  state  of  the  Inirometer  and  hygrometer,  have  no  influence  on  the 
form  assimied.  Bouchardat  also  {Ann.  Chim.  Pkifs.  52,  21i6),  obtained 
ctuimKm  salt  constantly  in  cubes,  and  alum  in  octoliL-druns,  tliUering  only 
in  magnitude,  whether  the  crystallisation  tiMik  place  in  vcsseb*  of  sulplmr, 
graphite,  or  metaL^  of  the  most  various  kiuds.  The  greatest  influence 
apjx-ars  to  be  exerte<i  by  the  pn^seuoe  of  forc^ign  Ixjdies  in  the  crystallis- 
ing liquid,  Sal-ammontac,  whicJi  crystallises  in  octohedrrms  from  a 
Bulution  in  pure  water,  produces  cubes  when  the  hciuid  contains  a  large 
(juantity  of  urea,  and  cubo-octohedrons  when  a  small  fjuautity  of  urea  or 
boiTicic  {icid  is  i^resent.  Common  salt,  which  when  alone  crystallises  in 
culjes,  assumes  the  octohtHhal  form  when  the  li<piid  also  cfmtains  urea, 
and  the  i'ubo-<JCt<>hednd  wheu  boradc  acid  is  |«vsunt,  Oldoride  of  jmtas- 
eiura,  which  separates  in  cubes  from  a  pure  aqueous  sthition,  de]x>sits 
cubes  with  tnincated  edges  when  the  Uquid  also  ctmtains  corrosive  subh- 
mate  {^(ig.  5).  A  solutioii  of  alum,  to  which  a  little  aleohol  has  l>c?o!i 
added,  yields  cubes  instead  t>f  oct*->hedron8 ;  the  iuldition  of  hyfli'ochku'ic 
aoid  to  the  same  solution  causes  the  ahuH  to  crystiiUise  in  eubo-icosabe- 
drons  {Jig.  20)j  the  addition  of  lx)rax  gives  rise  to  cubo-octo-dodec«he- 
dixjus  {fig.  8).  Protosulphate  of  iron,  which  by  itself  crystallises  in  the 
form  shown  in  fig.  111.  yields,  according  tn  Beudant,  when  itw  soUitiou  ib 
mixed  with  sulpliate  of  zinc  or  sulphate  of  magnesia,  c-rystals  which 
exhibit  only  the  i-,  w-  and  c-  faces ;  but  if  hydi'ocldoric  acid«  borax,  or 

*  Ciystfttlographical  Nomcaclature  of  diifereut  wrilere ; — 
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phosphate  of  soda  be  present,  the  crystals  exhibit  a  gjeater  munbor  of 
fa*::c«  than  thnse  re|)roHeritod  in  fiij.  HI.  Aa-i)r<lin{?  to  Beudaiit  ajupiin,  a 
sohition  of  alum  or  green  vitriol  mixed  with  finely  [Kiunded  sulphate  of 
leiul,  deposits,  in  tlie  paste  whicli  settles  at  thir  bottom,  a  number  of  crys- 
tals having  fewer  and  less  polished  faces  than  tliose  obtmned  from  pure 
solutions  of  the  same  salts ;  this  effect  is  attributed  hy  Beudant,  not  so 
much  to  any  mechanical  influenct^  exerted  by  th*'  jwiwder,  as  to  the  che- 
mical action  of  the  extremely  small  riuantity  rif  sulphate  of  lead  which 
<lissolve8  in  the  water.  The  peculiar  fonns  of  tlunr-spar  mentioned  oo 
|>u^e  13,  likewise  mdicat<;  the  presence  of  foreig-n  matter  at  oertain  times 
during  its  crystallisation.  In  some  cases  only,  as  for  example  that  of 
protisulphate  of  iron  mixe<l  with  sulphate  of  zinc  or  sulphate  of  copper, 
lias  it  lK.Mm  demonstrated  that  the  foreign  body  separates  from  the  solutjnn 
along  with  the  crj'stals;  in  niost  instances,  on  the  coutrarj',  e.g„  common 
salt  with  ureii,  this  dix's  not  apjM'ar  to  be  the  case,  and  the  action  of  these 
sulistaiux's  is  p<>rha|ifl,  for  tlie  most  part>  attributable  to  the  fact  that  their 
presence  in  t  hn  liqwid  from  wfiich  the  hody  crystallises,  occasions  the  unioQ 
of  its  |>articlc8  according  to  fixed  laws. 

The  rule  that  all  the  ciystalhtie  forms  of  any  particular  substance 
iK'Iong  to  the  same  system,  and  may  b<'  derived  from  the  same  lUtimatc 
ffirm,  is  subject  to  sevend  exceptions;  many  substances,  both  simple  and 
eompuuud,  are  thmnrpkotu  and  perhaps  even  trimorphous,  i.r.,  they  present, 
aivording  to  circmnstanoes,  2  or  3  different  groups  of  crystalline  forms, 
which  may  be  reduci'd  to  2  or  3  different  systems,  or  at  least  to  2  or  8 
primitive  forms.     {Vid.  Affinity,  p.  BR.) 

The  number  of  systems  of  crj'stalline  forma  k'Sng  small,  while  that 
of  (T\'8tallisable  bodies  amounts  to  sevenil  thousands,  it  necossarflv 
ha]tficns  that  a  great  numlx'r  of  bodies,  diiforing  widely  in  other  resjiecta 
come  under  one  crystalline  system  ;  atid,  on  the  otiier  hand,  definit«i 
individual  forms  nf  the  same  system  are  found  U'longing  to  bodies  of 
very  different  nature.  If  the  forms  of  difforetvt  sulistances  iKjlong-  to  the 
reifular  system,  there  can  be  no  difference  in  the  magnitude  of  their 
angles,  l>ecanBe  the  3  axes  of  that  system  are  equnl :  thus  tbc  angles  of 
the  regular  octohedron  remain  the  same,  whether  the  crystals  consist  of 
alum,  Hal-ammoniac,  or  diamond.  In  the  other  systems,  on  the  contrary, 
pinec  the  axes  are  unequal,  atul  the  inequality  is  of  different  mapiitude  in 
(lilb  rent  suhstances,  it  folliiws  that  utigular  ditferences  of  various  amount 
lunni  exiut  in  the  crystals  belonging  to  dilTerent  Ixidies  included  in  these 
systems.  Thns  the  octohedron  with  a  square  base  of  Anatase  (Jitj.  21), 
is  acute,  that  i»f  Zircon  (Jig.' 23)  obtuse,  because  in  tlie  furmer  the  longi- 
tu<lirirtl  axis  is  longer,  in  the  latt«r  shorter  than  the  lateral  axes.  These 
angiilar  iliffcrcfiices,  however,  arc  often  very  small :  thus,  for  the  obttiso 
latend  edgt>  of  the  rhombic  prism  of  sulphate  of  magnesia,  wo  find 
(b  :  u  Ji'j.  71)  yO'  30';  in  sidphatc  of  zinc  («  :  u  tig.  73)  91°  7:  and  tho 
angle  of  the  tcrmituil  etlges  of  the  obtuso  rhombjhedron  (r  :  /)  omctunts 
in  ealcK|iiir  to  !<l5''  .V,  in  manganese  spar  to  U>6°  61',  in  iron  sfiar  to 
107*  2',  m  bitter  spar  to  lt»7'  22,  and  in  ailamine  to  107'  40'.     This  near 


with 
hoad 


amironch  to  oquality  in  the  angles  is,  however,  often  en-existent 
nniilarity  of  ehinniciil  c«:)nstitutiou.  (  Vid.  Isomorphism,  mtder  the 
of  Affinity,  p.  87.) 

Inttmal  Stitichire,  Tcrture  of  Crystals. 

Almost  all  crj'stals  may  bo  more  easily  split  or  clovm,  in  certain 
directions  lying  in  determioale  planes,  than  in  others }  they  exhibit  from 
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1  to  7  phnca  of  cleoxtage  (Dlatterdurchgange)  intersecting;  one  another  at 
itermiuate  angles.  This  different  facility  of  Heparatioti  f»f  u  crj'stalliiie 
in  certain  directtona  may  he  shown  tint  only  hy  mechanical,  but  also, 
according  tn  Danioll  {Scfni\  ly,  38  u.  11)4),  by  chemical  nit-aiis ;  for  when 
masses  uf  dilTerunt  subslances  having  a  orystullitio  Htmctnrcbut  no  deter- 
minate external  form,  are  placed  in  a  liquid  which  dot'S  not  act  too 
rapidly  on  them,  the  unditiHolvcd  (lortioiiH  sniuctiines  exiiibit  grooves  atid 
depresaions  in  the  dircctiiins  of  the  pJanes  of  cleavage,  flometimes  asaume 
with  tok'rable  iJistinctness  the  primitive  fonos  <if  the  Ryetcma  to  which 
the  bndieH  beloiig.  Again,  when  piecea  of  native  8ul|tliidi.'  of  antimony 
(Grauapiess-glanzcrz)  arc  placed  in  recently  fvised  sulphide  of  atttimony, 
and  half  melted,  the  uuniclted  portion  assumes  the  form  of  distinct 
crystals.  (Faraday,  Qu.  Jour,  of  Sc,  1821:  also  Srluv.  32,  481.)  To 
this  class  of  [ilieiiomeua  also  belong  the  /wyurss  of  Widinaiista/fty  and  the 
Moire  mcta/li</ue,  i.e.-,  certain  tignres  corresponding  to  the  planea  of 
cleavage,  wliich  corae  to  light  when  meteoric  iron  or  tin-plate  is  acted 
upon  &y  a<.'id8.  Tlie  more  distinct  planes  of  cleavage  of  a  body  are  gene- 
rally parallel  to  tlie  faces  of  one  of  the  primitive  fomis  of  the  eystein  to 
wliich  it  belongH :  the  less  distinct  to  other  leas  important  faces  of  the 
same  systeju.  Thii.s,  iluorspar  hsis  4  pliuiea  of  cleavage  corresiy>nding  to 
the  8  faces  of  the  regular  ttctohedron,  or  the  4  faces  of  the  regular  tetra- 
hedron ;  the  3  planes  of  cleavage  of  heavy  spar  (Jiff.  4'J)  art-  parallel  to 
tlie  faces jt),  m,  and  «'  of  the  upright  rhombic  prisiu  ;  the  3  cleavage  [ilanem 
of  calcspar  to  the  six  r-faces  of  the  obtuse  rhomhohedron  [fij.  141),  &.c. 
In  different  crystals  of  the  same  snbstauce,  one  or  other  of  the  less 
distinct  cleavage-platiee  is  often  wanting;  tlio.se,  however,  wtiich  can  be 
traced  always  make  tlie  same  angle  with  each  other,  whatev<>r  may  he 
the  outward  form  of  the  crystal.  Different  Bubstatiixis  may  present  tho 
same  cleavage  phuics  wIumi  they  belong  to  the  regular  S3'8tem :  if,  how- 
ever, they  belong  to  atiy  other  system,  they  always  exhibit  atlca.st  sliglit 
differences  in  the  directions  of  their  cl«*avagi--ptanefl.  Imagine  a  crystal 
to  be  cloven  acciffding  to  its  m(Wt  distinct  eieavage-|»lanes,  or  according 
to  them  all;  it  will  then  be  resolved  into  the  so-called  Simpfe  MokcuUs 
{Moleailea  integrante^),  whose  form  is  either  a  regular  or  irregular  tetra- 
hedron, a  regular  or  iiregiUar  three-sided  prism,  or  a  parallelopipcd. 
When  the  facee  of  a  ci'jstal  do  not  run  parallel  to  its  priucipal  cleavage 
planes  (the  so-called  Sucnnihin/  Form),  it  is  jKissible,  by  splitting  the 
crystal  at  certain  jRiuits,  hi  directions  paraliel  to  these  planes,  Ut  remove 
au  external  envelop,  the  so-called  Secoinhirtf  maits,  and  leave  in  the  middle 
a  crystalline  kernel  or  Nuclem,  whose  faces  are  parallel  to  the  priucipal 
cleavage  nlanes.  This  form  is  regarded  by  Hauy  {Traite  (le  Miiiernhgte, 
T,  1),  a,s  the  Primitive  luirm.,  wJiich  he  Bupposes  to  have  been  developed  firet: 
he  furtlver  supposes  that  c)rj  the  LacoH  of  this  primitive  form  there  havo 
been  (fcpoBited  successive  laminaj  coiiaisthig  either  of  simple  molecules  or 
of  aggregaticms  of  the  same  into  compound  molecules  {mult'iuik^  sougtrac- 
tivfj) ;  and  that  these,  Iwing  de|j08ited  in  such  a  manner  that  the  dimen- 
sions of  the  lamime  go  on  decreasing  from  one  of  the  edges  or  summits, 
have  produced  the  secondarj'  form.  This,  however,  is  notliiiig  more  than 
a  theoretical  view,  of  which  Ilauy  availed  himself  in  calculating  the 
arrangement  of  the  secondary  faces,  since  it  is  found  that  crystals,  on  their 
first  appearance,  exhibit  the  ^eame  form  as  after  tlioir  complete  develop- 
ment. Moreover  Weiss  has  shown  that  independently  of  any  such 
unnatural  bypt^thesis,  the  angles  of  the  different  primitive  and  secondaiy 
faces  of  a  crystal  may  be  calculated  from  the  mere  projjortion  of  ita 
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linear  dimensionB.  The  atomic  theory  seeks  to  explain  the  Btnicture  of 
CTystals  by  attribatuig  a  distinct  form  either  to  the  atoms  themselves,  or  if 
these  be  regarded  as  spheres,  to  aggregations  of  several  of  them.  (  Vid. 
Affinity,  p.  146.)  The  advocates  of  the  dynamic  theory  proceed  i^rtlj 
from  tlie  hypothesis  that  every  solid  body  differs  from  a  fluid  in  this 
respect,  that  the  col»e»ion  of  its  particles  is  of  different  amount  in  different 
direction  a,  and  furtlier,  that  in  a  crystal  these  directions  extend  throngh 
the  whole  mass  in  straight  polar  lines. 

Adhesion. 

That  kind  of  attraction  which  acts  at  infinitely  small  distances  only 
l)etween  bodies  of  different  natures,  giving  rise  to  the  union  of  these 
bodies  intn  a  hetorogcneotis  t^liole  called  a  MLrture  or  Mechanicnl  Com- 
bination, which  maj'  in  most  cases  be  overcome  by  mechanical  force. 

It  app(;ara  to  be  exerted  Itetween  all  kinds  of  matter,  impondcraUe 
_     well  as  ponderable,  but  in  various  degrees.    [On  the  adhesion  of  im- 
ponderable bodies  to  ponderable  bodies,  see  the  part  of  this  work  whicix 
treats  of  Imponderables.]     Respecting  the  adhot^iim  of  pt^ndcrablc  bodicA 
to  one  another,  the  following  cases  must  be  distinguished : — 
1.  Adhaion  between  Ela»tie  Fhiiria, 

Diffusion  of  Gwet. — AH  gases,  even  when  under  existing  circum- 
^•tances  they  do  not  enter  into  chemical  combuiation,  yet  diffuse  them- 
•<>elve8  through  one  another  and  fonn  a  uniform  mixture,  though  their 
specific  gravities  may  be  very  different  and  they  may  be  kept  externally 
at  perfect  rest.  If,  for  example,  two  bottles  l»e  counected  by  an  upright 
glass  tulx;  10  inches  long  and  -,\-  inch  wide,  the  upjicr  bottle  being  filled 
witli  hj'drogen,  nitrogen,  binoxide  of  nitrogen,  or  common  air,  and  the 
lower  with  the  lit-avier  pjas  carbonic  acid,  or  the  upjier  with  hydrogen  and 
the  lower  with  common  air,  nitrogen,  oxygen,  or  binoxide  of  nitrogen, 
a  portion  of  the  hea\'icr  gas  will,  after  a  few  honrs,  be  found  in  the  upper 
htMtle,  and  after  two  or  three  days,  lx)th  bottles  will  contain  the  two 
giunes  in  the  same  proportion  (Dalton,  P//j7.  ^f(^g.  24,  8).  The  same 
result  was  obtained  by  Berthollet  {Meyn.  trArauil,  2,  468)  with  a  tube 
U»  inches  long  and  i  of  an  inch  wide  placed  in  a  cellar  where  no  change 
of  temperature  Cfjiud  take  place  to  wnt  the  gases  in  motion.  When 
hydrogen  was  the  gas  contained  in  the  upper  vessel,  (lie  two  gaaea  were 
found  to  be  uniformly  mixetl  in  1-2  «luys;  but  when  air,  oxygen,  or 
nitrogen  was  contained  in  the  up}K;r  vessel  and  carbonic  acid  in  the 
lower,  several  weeks  elapsed  bt^fore  the  mixture  became  perfectly  uniform. 
If  a  cylinder  lilled  with  any  gjw  and  placed  in  a  horizontal  posntion 
be  made  to  communicate  with  the  external  air  by  means  of  a  knee''8hap«*<l 
tiilK',  in  such  a  manner  thai  the  end  of  the  tube  is  directed  downwards 
when  the  gas  is  lighter  and  upwards  when  it  is  heavier  than  the  air,  the 
gas  will  gradu.illy  e8cii|>('  from  the  cylinder,  its  place  being  suppUed  bjT 
the  air.     Acconling  to  Graham., 

Of  KM)  volumes  of  gas  there  di8api)cared, 

6p.  gr.  In  i  hoon.  Tn  1 0  honra. 

1         nrdrogcn 81  fi  ..         ..         »«-5 

«  Lurt>l  e«flinr««it«d l^n««a  48  4  627 

8*0  AmmonU  ..         ..         ..         ,.  41*4  fiB-4 

14  OlaflantgM           ..         ..         ..  840  ..                     46S 

Sa        C«rb9ule  Mid       ZVi  ..         ..        47-0 

82        Bulpbvrooa  acid 37(1  ..         ..         40*0 

ISi      Chlorine 8S7  ..         39-6 
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From  this  it  appears  thai  gases  escape  the  more  quickly  the  lighter 
they  are ;  and  their  expansive  power  or  diffusibilitr/  probably  varies  in 
tiie  iiivertki  ratio  of  the  Hquare  roots  of  their  Bpecilic  gravities.  Thus 
47  measures  of  hydrogen  escaped  in  two  Lours,  and  the  same  voliiine  of 
carbonic  acid  in  10.  Now  this  profxirtion  of  1  :  5  is  nearly  lliat  of  the 
square  root  of  1  (8{)ec.  grav.  of  hj'flrogcii)  to  the  square  roi^t  of  22  (spec. 
^rav.  of  carlionic  acid.)     (Graham.) 

If  the  cylinder  contains  a  mixtim?  of  two  gases,  the  more  diffusible  of  the 
two  will  escape  in  greater  proportion  into  the  ajr,  and  the  less  diffusible 
in  Ruialler  |iroportion  than  if  each  gas  were  conlained  in  the  cyUnder 
alone.  Thus,  of  50  measures  of  hydrogen  and  50  of  olefiant  gas  there 
escape  in  10  hours  47*7  meaRnrvs  of  the  funner  and  12'5  of  the  latter: 
fiimilariy  47  mea-sures  of  hydrogen  and  2U  of  carfionic  acid ;  though  in 
these  cases,  the  opening  of  the  kjiee-shaped  tube  is  directed  downwards  ; 
fnrtfter,  in  4  hoturs  there  escajxj  20-8  vol.  of  hght  earburetted  hydrogen 
and  12'5  of  carbonic  acid,  also  22*8  of  light  earburetted  liydrngeii  and 
18"6  of  oleBant  gaa.  If  two  iHittles  be  n»nnfctfd  tnguthfr  by  a  tube 
placed  in  a  vertical  position,  the  li^wer  bottle  Ix'ing  7  times  as  large  as 
the  upper  and  filled  with  carbonic  acid  gas,  while  the  upj^er  one  is  filled 
with  a  mixture  of  liydrogen  and  olcfiant  gas  in  equal  volumes,  the  np|xir 
Teasel  will  after  10  hours  be  found  to  ci>ntain,  besideB  Ciirljonic  acid,  a 
quantity  of  ttlefiant  gas  whose  v<)lHmi'  is  4  times  a»  great  as  that  of  the 
hydrogen  still  remaining;  the  latter  has  therefure,  in  spite  of  its  greater 
levity,  diffused  itself  through  the  lower  vessel  with  gi-eater  rapidity. 
(Graliajn,  Qn.  Jour,  nf  Sc.  6,  71 :  ahso  Scht.  .'J7,  215). 

In  the  same  niuiiner  also,  vapours  diffuse  tlieinselvoa  through  one 
another  and  thmugh  the  more  |)ennanently  elastic  fluids. 

When  different  clastic  fluids  have  otKre  diffused  tln-mselvea  unifomily 
thrriugh  one  another,  they  never  separate  again  according  to  their  different 
specific  gravities,  for  hcnvevur  long  a  time  the  mixture  may  be  left  at 
rest ;  this  was  shown  long  ago  by  Priestley. 

These  gaseous  mixtun-s  differ  esseutially  from  all  other  mixtures  in 
the  following  rcppects :  their  heterogeneouK  constitution  cannot  be  de- 
tected by  the  eye  j  tliey  tranemit  light  without  the  slightest  disturbance ; 
and  they  cannot  be  decomposed  by  mechanical  mcaua.  It  must  be 
observed  however  that  gases,  whi-n  devoid  of  colour,  cannot  Ih;  distin- 
l^shed  fr(5m  one  anotlier  hy  the  eye ;  they  are  invisible,  and  a  glass  vessel 
presents  the  same  ajjfjearance  whether  it  is  exhausted  of  utr  or  filled  with 
a  colourless  gas.  When  therefore  two  gnaes  have  by  their  natural  adhc- 
Bion  diffused  themselves  through  each  other  with  that  extreme  uniformity 
wliich  their  great  mobility  and  lightness  render  yKtssibltr,  it  is  not  to  be 
expected  that  their  heterogenetms  nature  should  l>e  detected  by  the  eye; 
and  even  the  colniur  which  some  gases  jwssess  is  by  this  extremely  inti- 
mate mixture  so  much  divided  that  even  the  microscopf!  cannot  distinguish 
the  coloured  and  coIonrSess  particles  of  gas.  This  minute  division  also 
causes  the  rays  of  liglit  to  be  tinifonaly  refracted  in  the  gjiseous  mixture 
and  to  go  straight  through :  lastly,  the  same  causes  must  prevent  mecha- 
nical separation,  urdess  we  can  find  sieves  fine  enough  to  let  the  smalKn' 
irticles  pass  through  tliem  and  stup  the  rest.  This  peculiarity  of 
leous  mixtiu'es  has  led  several  chemists  to  propose  the  following  theories 
which  however  are  likely  to  be  soon  forgotten — respecting  their  nature. 
1,  Berthollet,  Murray,  and  others  regard  a  gaseous  mixture  as  an 
I>erfect  chemical  combination.  Gas-mixtm*ea  are  however  destitute  of 
II  the  characters  of  a  chemical  combination  cxceptLng  uniformity :  (a.) 
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It  is  not  true  tbat  every  subBtanco  c^iii  combine  with  every  other:  e.  g. 
yfniiiv  mixes  with  alwlml  but  not  wiLli  «n\\  mi  the  contrary,  every  {raa» 
iwbotlicr  simple  or  eoiiifKmud,  mixos  with  tncry  ntlicr;  and  the  rajiitlity 
with  which  the  mixture  takes  place  depeuda,  not  on  the  chemical  natoro 
of  the  gufws,  lint  only  on  their  spucific  ^•ravitics.  (//.)  Agreeably  to  this 
theory,  JtertlioUet  regards  the  evitjMiration  of  water  and  other  bodies  ia 
the  air  behnv  their  boiling  points,  as  a  chemical  solution.  But  tha 
quantity  of  any  salt  which  water  can  dissnlve  increases  with  the  quantity 
of  water  present ;  on  the  contrary,  the  quantity  of  water  which  evajxirAtea 
ill  a  given  spsice  is  the  same,  whether  the  K|>ace  be  \oid  of  air  or  filled 
either  with  rarefied  or  conrlensed  air:  and  tiie  evai»or;ilioii  goes  on  moel 
Blowly  in  the  last  metitit«ncd  case,  precisely  that  in  which  the  quantity 
of  the  Ho-called  solvent,  the  air,  is  the  greatest,  (c.)  The  mixing' of  gases 
18  never  atti'udcd  with  alteration  of  tcnificratore,  a  jihenomenon  whicii 
always  acciimpanies  real  chemical  cituibiiiatioiis.  {d.)  In  most  chemical 
combinations,  an  alteration  of  vohuuc  takes  place,  hut  not  in  the  mixing 
of  gases.  (<r.)  The  refractive  pfiwer  of  a  gascouH  mixture  is,  according  to 
Biot  and  Arago,  exactly  the  mean  between  the  refractive  powers  of  tlie 
iinhvidual  gjiaes  which  cxjmpoHe  it;  «ucL  however  is  not  the  case  with 
real  chemical  couibinations  of  gases,  e.  g.y  of  hydrogen  and  nitrogen  pro- 
ducing atumonia.  (J',)  ('hange  of  c»)lour  is  often  observed  in  chemical 
combitiatiouB,  never  in  the  mixing  of  gases.  (;/.)  Wiien  one  body  is 
,  combined  with  another,  a  third  body  may  witlidraw  the  first  and  unite  it 
to  itself,  the  coiiihinatinu  taking  place  less  easily  in  nurst  cases  but  more 
easily  in  some  tlian  it"  tlie  first  body  were  in  the  free  state.  Thus  sulphur 
takes  oxygon  from  ]<ri>toxide  of  nitrogen  at  a  higher,  but  from  nitric  add 
at  a  lower  tenijK^-rature  than  from  uxygen  gas;  but  this  substance  takes 
fire  in  a  mixture  of  oxygen  and  nitrogen  (atmospheric  air)  at  exactly  the 
■amc  temj^n-rature  an  in  pure  oxygen  gas.  Alkaline  sulphites  abstract 
[oxygen  from  the  air  as  easily  as  from  jmrc  oxygen  ga.s,  but  not  fn.>ia 
[protoxide  of  nitrogen,  wliich  in  a  true  cliemical  compound  fif  oxygen  and 
nitrogen.  That  phoH[iyii)rn«  enters  iritn  sluw  combustion  in  the  air  at  a 
lower  temix.*rature  than  in  oxygen  gas,  is  accoimted  for  by  the  more 
rarefied  conditiitn  of  the  oxygen  in  the  air. 

i.  Dalton   supjKiiM'tl   that  in  clastic   fluids  every  atom  of  ponderabla- 

mattcr  is  surriiuiKled  witii  a  sphere  of  heat:  an  elastic  fluid  is  therefore 

to  be  regarded  aa  a  collection  of  spheres  of  heat,  each  having  a  }KUiderable 

|atominits  ci-ntre.     His  first  hyiKithehis  was  that  the  calorific  sphere* 

b<dongiiig  to  the  same  elastic  fluid  reiiel  eucli  t>lher,  but  not  those  pf  any 

lOther  cht^tic  lluid,  so  that,  as  far  ua  any  uthersuchUuidis  concerned^  they 

may  Ik'  reganh'tl  an  not  existing.    Hence,  neglecting  the  atoms  of  jjonder- 

•ble    njutter,  which   moreover  are   8upjM)sed  to  (X'cupy  an   extx'edingly 

small  B|»ace,  an  elastic  fluid  ma^'  lie  regarded  as  a  vacuum  with  n<sjieci 

to  other  elastic  tluichi:  henctj  it  is  that  iKidies  of  this  nature  difFuse  them- 

^fclvcH  rajjidly  through  one  amjther.     To  this  it  may  he  replied :  (a)  that 

i\Hfnt'UiUi  shows  that  this  difTusion,  when  it  takes  jihiee  through  namtw 

F^nnectmg  tulx's,  (K-cupies  several  tiays,  whereas  according  to  the  hyjw)- 

[tlieiiiH  it  ought  to  \tv  histantuneous;  (6)  that  this  suppised  expansiuu  uf 

itlie  gases  nujrht  to  be  attended  with  reductinu  of  temi»eraturu ;  (c)  that, 

[•warding  to  tluB  hy[»ofheKis,  the  atoms  of  the  gases  must  often  In;  broug^ii 

ito  immtvliiite  contact,  and  consequently  must  combine  when  they  havti 

ny  affinity  for  each  other  :  Buch  however  ia  not  the  case  with  the  greater 

ItmdKT  of  elastic  (hiiils. 

DaltuD  Uiereforu  afterwards  asautncd  that  the  spheniles  of  differeiitj 
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j^raset*  aiul  vapoiire  uuivci'sally  irpL'I  i^adi  otlier.  lie  cx[iliiuio<I  tlieir 
luixtmx!  by  KUj)i«)sing  Ihfir  splu'nilcs  t<i  he  of  diJTiM'cnt  RWvs,  su  that  wht'ii 
they  come  in  contact,  the  diff«?ront  spfnrnles  press  iipxin  each  othor  un- 
equally and  jiroduce  curreuts  till  the  whole  has  becuuie  uniformly  mixed. 
If  however  we  ctilculate  tin;  size  of  the  spheniles  on  thiw  hypf)thesis,  but 
according-  to  more  accurate  experiments,  we  find  that  all  elastic  tluids 
may  be  divided  into  7  classes  according  to  the  magnitude  of  their  gtiseous 
spherules:  if  the  volume  of  the  gaseoas  s[iherules  of  sulphur-vajxtur  be 
aaBumed  equal  to  1,  that  of  oxygen  gas,  oleliaut  gi\»,  phosphorus  vapour, 
&c.,  will  be  3,  of  hydrogen,  nitrogen,  and  chlorine  gases,  &c.,  6,  that  of 
hydriichloric  acid  gas,  ammoniacal  gas,  &c.,  12,  and  that  of  some  others 

9,  IH,  and  24.  According  to  this  hypothesis,  gases  which  l>elong  to  one 
and  tlie  same  class  ami  therefore  have  pjiticrules  of  equal  luagnitudo 
ought  not  to  mix.     Compare  Drajier  (PJiil.  Maij.  ./.  13,  241). 

Mixture  of  gases  likewise  takes  j)Iace  when  they  are  Bef>arated  by 
the  tuterp<)siti*>n  of  a  jxirous  body,  lu  this  more  complicated  case,  we 
Lave  to  consider,  besides  the  various  diffuaibiUties  of  the  gases:  (1.)  The 
eniulbu'ss  of  the  ]>orefl,  which  may  favour  the  penetration  of  one  gas 
rattier  than  of  t!ie  other.  (2.)  The  different  degrees  of  adhesion  wliieh 
the  diapkragm  exerts  u[Kni  the  different  gases,  by  virtue  of  which  tho 
gas  which  adlieres  most  powerfully  fieuetrutes  the  diaphragm  most  easily, 
and   attaining  the   opposite   surface,    mixes  with   the  otlier.     (3.)   The 

^different  degrees  of  affinity  of  the  dia]*hragm  for  the  gases  {e.  g.  of  water 
ft  wet  bkdder)  l>y  which  the  gases  are  absorbed  and  carrie<l  to  tho 

^ther  side  of   the   diai^hragni.      The  following   cases  require  particular 
notice : 

Cracks  in  Giass.  Hydrogen  gas,  kept  in  a  cracrked  receiver  standing 
over  water,  escaix'S  by  degrees  through  the  crack  into  the  suiTounding 
air,  the  water  uiuler  the  receiver  rising  to  the  height  of  2^  inclics  iibove  tho 
outer  level.  The  remaining  hydrogen  contains  7  i>er  ceJit.  of  nitrogen 
but  no  oxygen.  If  the  receiver  be  filled  with  t>xygcn  and  nitrogea 
instead  of  hydrogen,  nothing  will  escape  from  it.  In  the  same  manner, 
Lydrogen  escaix's  out  of  bottles  closed  even  with  well  ground  stoiipers,  if 
the  stoppers  are  not  gieased.  ClHibereiner  Ueder  jiett  entdeille  hik}ii<t 
nurkicurdige  Eigeiisrhajltn  den  Fidtittg,  Jena,  182i),  6.  \b.)  The  crack  must 
be  neither  too  narrow,  in  which  case  it  wfjuld  alUiw  no  hydrogen  to  pass, 
Dor  too  wide,  ui  which  aise  it  would  give  passage  to  other  gases  as  well ; 
it  often  becomes  too  wide  during  the  expieriment  fn>m  unequal  pressure  of 
the  air.  If  the  cracked  receiver  containing  the  hydrogen  be  placed  over 
a  trough  of  mercury  and  covered  with  an  uncracked  receiver  containing 
air  or  carbonic  acid,  the  mereniy  will  rise  in  the  inner  receiver  to  the 
height  of  an  inch  «tr  twt»,  and  sink  in  the  same  proportion  in  the  outer; 
but  when  the  difference  of  level  amounts  to  about  2  inches,  the  air 
begins  to  enter  through  the  cnick.  If  liie  inner  cracked  receiver  Ixe  filled 
•with  air  and  the  outi-r  with  hydrogen,  the  mercury  will  rise  in  the  outer 
and  sink  m  tlii'  inner,  |»roving  that  the  hydrogen  makes  its  way  through 
the  crack  in  ofiposition  to  its  smaller  specific  gT.ivity.     (Magnus,  Por/g^ 

10,  153.)  Su|jj>osiiig  it  to  be  established  that  the  remaining  hyilrogcn  is 
free  from  all  traces  of  air  or  carbonic  acid,  whidi  however  is  questioned  by 

►  Graham,  who  supixiscs  that  an  interchange  takes  place,  then  these  experi- 
I  meats  would  show  that  the  snmller  atoms  of  hydrogen  are  capable  of 
[making  their  way  through  intervals  which  are  impencious  to  the  larger 
[atoms  of  carbijnic  acid,  A:e. 

Bottles  tilled  over  mercury  with  detonating  gaa  (a  mixture  of  1  vol.  of 
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oxygen  and  2  of  hydrogen)  to  f  of  tlieir  bulk,  closed  with  well  ground  \n\l 
ungTcnsc'il  stoppers,  aofl  invertod  in  .mercury  in  mich  a  manner  tliat  the 
level  of  the  liquid  may  be  Hoiuewhat  lower  without  tlian  within,  and  kept 
in  a  dark  phux."  for  ]5  niontliH,  are  found  still  to  contain  the  same  volume 
of  gas,  ^  of  tlieir  bulk,  but  this  '^at^  in  a  iiiixturo  of  about  equal  parts  of 
detonating'  gas  and  couiuion  air.  Axi  interchange  of  gas  and  air  baa 
therefore  taken  place,  iKitli  iM-twcen  the  jt,'laKfi  and  mercury  at  the  outer 
and  inner  surface  of  the  bottles,  and  likewise  through  the  intervals 
lietween  the  necks  and  stopjierH.  (Furaday,  Qti.  J.  o/Sc.  22,  220;  also 
/%7.  8,  124 ;  and  Kmfn.  Arch.  9,  39H.J 

Earthemciare,  Unglnzffl  Wefhjetvood-ware.  When  gases  are  generated  in 
earthcm  retorts  or  conducted  through  earthenware  tubes,  portions  of  tbexa 
escape  through  the  pores  and  are  replaced  l)y  air  entering  from  without, 
or  when  the  earthem  veHsels  are  placed  in  the  fire,  by  nitrogen  and 
carl)onic  acid  gaws.  If  we  heat  in  an  eartlierri  rpt^)rt, — which  when 
immerfled  in  water  is  hnpervif»us  to  air  b](jwn  into  it  but  {KT%'ious  under 
the  Btri-iuger  pressure  jtrmhiceil  by  the  air-pump, — water,  hydrate  of  lime  or 
moist  clay,  either  to  rednesn  or  but  jUHt  aliove  tlit-  boilijig  piiint  of  water, 
veiy  little  water  is  evolved  frr»m  the  retort,  the  greater  part  escaping 
through  the  fforea ;  but  therein  ubtaititMl  a  qunntity  of  atmospherk;  air 
ammuiting  sometimes  to  JL  nf  \\\<,\  weight  of  the  water  prewnl  and  con- 
taining IcKK  oxygen  an<l  more  earlxmic  arid  (obtaitted  from  the  fiiv)  than 
comnuin  air.  If  tlie  retnrt  Ih  enclosed  in  a  recc-ivcr  standing  over 
mercury,  tlie  neck,  together  with  the  goB-fl<'Uveiy  tubt;  passing  air-tight 
through  an  of^ening  in  the  to[i,  and  heat  is  applied  to  the  retort  by  means 
of  a  huge  lens,  a  considerable  ipiantity  of  air  is  diwengaged,  water  Willecta 
over  the  mercury,  an<l  the  mercury  rises  3^  inches  if  the  retort  is  made  of 
compact  earthenware,  to  a  Hnmller  heiglit  if  it  is  more  porous,  the  air  of 
the  receiver  iienetrating  into  the  ix'tort  a[>pareriitly  in  opjiositiou  tx)  the 
laws  of  hydrnstalicH.  If  the  receiver  contains  hj'drogen  or  binoxide  of 
nitrogen  instead  of  common  air.  the  mercury  rises  in  like  manner  and 
these  gases  issue  from  the  gas-delivery  tulx'.  Frtmi  the  same  cause, 
when  vajHiur  <if  water  is  passed  through  a  tobacco-pipe  tutte  Iteated  to 
redness,  a  mixture  of  giises  is  obtained  iliffering  httle  from  common  air. 
Vessels  or  tubes  of  chalk  r»r  white  marble  act  in  the  same  manner  as 
earthenware  vessels.  (Priestley,  Kxper.  and  Oh».  3,  29.)  When  black 
oxide  of  mangiinesc  is  heated  in  a  Wedgew(H»d-ware  retort  and  the 
resulting  gaa  C'lUected  hi  separate  p>rti<tns,  the  first  portion  contains  22, 
the  second  25,  the  third  20,  the  fourth  44-70,  the  fifth  44,  the  sixth  46*5, 
the  seventh  41,  and  the  eigl»th  18-2o  per  cent,  of  i.xygiMi.  The  earlier 
portions  arc  contaminated  with  the  air  of  the  vessel,  the  latter  mth  the 
mixturf'  of  nitrogen  and  carbonic  acid  gases  which  penetrate  into  the 
retort,  the  quantity  of  thirt  mixture  contirnially  incieasing  with  the 
enlargi^ment  of  the  |Mvres  by  the  heat  (and  with  the  increased  diffusibility 
of  the  ga«es  cotiHcipiciif  ujxm  expansion:  (ir<ifi>»ni).  JPfaff  (.ScAir,  18,  80). 
This  mixing  of  gases  through  earthenware  explains  the  incorrect  results 
of  cerlalu  •»ld  i>X|x'rinirn1s.  in  whieli  vaimiu"  of  water  was  said  to  bv  con- 
▼erte<l  into  uilrogeti  gas  by  jMissiiig  it  through  red-hot  tulx's,  and  chloride 
of  »ilv«"r  to  Im-  nvluced  by  lieating  it  hi  retorts  with  dry  charcoal. 

iiifimtm.  If  ..tic  emi  of  a  glass  tul>e  lie  closed  x^ith  g\7isnm-pa«te, 
lftn<l  after  the  gyjwiuii  hius  drird  and  hardenefl,  the  tube  l>e  tilled  witn  any 
fpt^  Its  open  en«l  f>lun^d  under  men-uiy  and  its  closed  end  exjKwcd 
^tber  to  the  air  i*r  to  an  aUiionjiliere  of  at»y  other  giis  contained  in  a 
ncwhrcr,  the  ifitier  giis  will  <iao«pe  and  the  outer  enter  the  tube,  in  qtnui* 
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titles  whidi  are  inveraely  as  the  square  mots  of  tlicir  densiti(?s.  Thus 
3"87  meaBures  of  hydrogen  wliich  escape  from  the  iiiiuT  tube  arc  replaced 
by  1  moasure  of  atniosplieric  air.  Now  putting  the  dennity  of  air  =  1, 
tliat  of  liydrog-en  is  0"066t< ;  tlie  square  roots  of  thi-se  numbers  are  1  nuii 
0-2023  ;  and  0-2623  :  1  =  1  :  3-87  nearly.  Diffusion  also  takes  place, 
tliou^h  very  slowly,  through  flexible  dolomite,  eoal,  wood,  and  dry  cork. 
(Graham,  Phil.  Mag.  J.  2,  175,  269  au<l  3:'.!;  abstr.  in  P(xi)g.2V>, '5Z\)% 
also,  Elements  of  Cftftnigtri/,  2nd  Edit.,  1,  83.  Tbomsou's  obeervatious  there- 
upon,    (Phil.  Mag.  J.  4,  321.) 

Caoutchouc.  A  Hheet  of  caoutchouc  tied  over  the  opening  of  a  widc- 
moiithed  bottle  full  of  hydrogen  gas,  is  stton  pressed  inwards  evert  to 
bursting'.  Jf  the  bottle  Ik;  filled  with  air  and  placed  in  an  atinoHjjIiere  of 
hydrogt-n,  the  swelling  atid  bursting  take  place  outwards.  A  A^dl  closed 
bi'ittle  of  caoutchouc  perfectly  empty  does  not  diHtend  when  placed  in 
hydrogen  gas:  but  if  it  coritAUiH  a  kihhII  tiuitntity  of  air,  distension  takes 
place.  Alm<^^>8t  all  gaaes  excf^pting  nitrogen  exhibit  the  same  relations 
towards  common  air  as  hydrogen  doen,  but  in  diffes'ent  degre<'K;  thi-y  al! 
penetrate  caoutchouc  with  variouH  velocities  in  order  to  mix  with  air. 
In  order  to  measure  these  various  velocities,  a  sheet  of  caoutchouc  is  tied 
over  the  shorter  funnel-Khaj^etl  ann  of  u  wiplntn-tulx',  mercury  is  potired 
into  the  otlier  arm,  which  is  made  veiy  long,  so  that  a  jiortion  (tf  air  may 
remain  Ix'tween  the  nien.'niy  and  the  caoutclvoue,  and  the  shorter  arm 
introduc«Ml  under  a  receiver  standing  over  the  mercurial  trough  and  filled 
with  the  gas  to  be  examined.  The  gas  fM^netrates  the  caoutchouc,  mixes 
witli  the  air  and  increases  its  volume  ;  congeqiiently  the  mercury  in  the 
longer  arm  is  driven  upwards,  sometimes  to  the  height  of  G3  inches,  and 
migiit  Ix!  driven  higher  if  the  caoiitchnuc  c^idd  sustain  a  greater  pressure 
without  bursting.  By  exjjerinientiug  in  tluK  manner  on  different  gtiaes,  it 
is  found  that  the  same  volume  of  anunoniacal  gas  obtains  access  to  the  air 
in  1  minute,  as  of  sulphuretted  hydrogen  iu  2^',  of  cyanogen  in  3^',  of 
carb<,)nic  acid  in  5^\  of  j)rotoxide  of  uitrugeu  m  6i',  of  arseniuretted 
liydnvgen  in  27^',  of  tjlcfiant  gas  in  28',  of  hydrogen  in  371',  of  oxygen  in 
an  hour  and  .OS',  and  of  carbonic  oxide  in  2  hrs.  40'  Caoutchouc  apjiears 
from  this  to  absorb  gases  with  different  degrees  of  fiuiilily  ;  of  uirbonic  acid 
it  absorbs  its  own  volume  and  swells  up  m  coiujequeuce.  (ililchell, 
J.  Roy.  Imt,  2,  ]i)L) 

Animal  Membranes.  A  moist  bladder  or  moistened  gold-beaters'  skin 
acts  like  a  sheet  of  caoutchouc.  {Mitchell.)  A  moist  bladder  tw<j-lhirds 
filled  with  eoal-^as  or  air,  swells  when  suspended  in  carbonic  acid  gan  and 
finally  liursts.  In  this  exj)eriment,  Jts  much  as  40  fK>r  cent,  of  carbonic 
acid  sometimes  mixes  with  the  coal-g.is,  wlule  only  a  very  snuiU  quantity 
of  the  latter  escajK's  into  the  atmosphere  of  e.irlionic  acid.  Hence  the  water 
of  the  moistened  bladder  altsfirbs  carbonic  acid  and  gives  it  uj>  again  on  the 
inner  side.  (Graham,  Qu.  J.  of  Sc.  fi,  88;  also  Sc/iw.  57,  227;  extr.  in 
Fogg.  17,  347.)  A  jwrfcctly  diy  bladder  containing  ;ur  dues  not  distend 
iu  carb<inic  acid  gas,  a  bladder  moderately  wetted  expands  to  a  gi'eafer 
extent  than  one  which  is  thoroughly  noaked  :  for  the  thinner  the  film  of 
water  which  alfsorhs  the  ga-i,  the  sooner  will  the  gas  reach  the  ftptio«ito 
BUi'face.  If  the  bladder  cuutauiing  air  l)e  moistened  with  alcoht*l  (which 
•  absorbs  carbonic  acid  more  rea<lily  than  water  does)  it  will  expand  in  an 
atmosphere  of  carbonic  acid  as  (jinckly  as  if  it  were  moistened  by  water — 
but  not  more  so  :  the  alcohol  likewise  causes  it  to  shrivel  and  soon 
destroys  its  pfjworof  traiiKmitting  guscs.  Rubbing  the  bladder  with  oil  of 
aiiise  or  olive  oil  (neitlier  of  which  absorbs  carbonic  atud)  prevents  the 
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cxuansiou.  A  wet  bladder  contaJiiing'  air  expands  more  quickly  in 
sulphuretted  liydrogcu  than  in  carbonic  acid:  ufler  l>uin^'  distended  as  far 
as  possible  in  the  hiHt-tutnitictncd  gas,  it  will  exfiand  still  further  if  placed 
ill  an  atniospbcTo  of  Bulphurettud  hyih-ngun  ;  whereas,  if  exposed  to  the  air 
it  will  ngaiij  its  original  size.  A  bladder  cuntaiiang  air  also  expands 
when  immerted  in  water  holding  carbonic  acid  in  dilution,  but  not  so 
quiekly  as  hi  aii  atinnsiihere  of  tlie  ga«.  A  fish's  air-bladder  expands 
under  the  above-mentioned  circumstanceH  more  quickly  than  a  urinary 
bladder:  on  the  eontraiy,  Ihis  pro[«;nty  is  not  exhibited  by  the  liuinjj 
membrane  of  a  fnwi's  egg  or  by  curried  sheepskiii:  tlie  latter  allows  air 
and  carbonic  acid  to  pjiss  through  it  with  eijtial  facility.  ( Ilaumgartner, 
Zeituc/trift  Ph.  Mafh.  8,  ll.J  Thene  exix'rinienfH  show  that  gases  cannot 
be  preBOr\ed  in  bladtiers  wiiJmut  dteratioti.  If  a  piece  of  bladder  bo  tied 
over  the  upiier  and  widened  end  of  a  glass  tube,  the  tulne  then  filled  with 
water,  and  its  Inwer  end  |)luiiged  under  merem-y,  the  mercury  will  rise 
within  it  to  iheheiglit  of  3  inches,  tu  cmHcqncnce  of  the  water  jtenelrating 
the  bhulder  and  escaping  into  the  air:  but  as  soon  as  this  height  is 
attained,  the  |>ore8  cif  the  Itladder  allow  air  to  jmibh  Ihrougli  them  tuid  the 
further  rise  of  the  mercmy  is  jtre^eiited.  {Magnus,  Ptujtf.  10,  157.) 
According  to  Fischer  {Poijij.  11,  130)  who  p^.-rhaps  made  use  of  a  stronger 
bladdi-r,  tlie  mercury  may  attain  the  beiglit  of  12  mches  or  even  more; 
it  ultimately  reaches  to  the  bladder  itself,  the  whole  of  the  water  evapo- 
rating and  leaving  nothing  but  a  slimy  re-sidue.  If  a  tulx.-  sealcnl  at  top 
and  tie<l  over  with  a  [liect-  of  bkuldi-r  at  the  butti)m  l>e  lilled  with  water 
and  exjwised  to  the  air,  the  bladder  wtU  lie  pressed  inwards  in  ccmseiiuence 
of  the  evaporation  of  the  water  and  air  will  enter,  not  however  in  bubbles, 
but  dissolved  by  the  water:  the  air  thus  inliudnced  colleets  at  the  upjier 
end  of  the  tube  on  the  gaseous  fonti,  and  tinally  uU  the  water  cva{xirutcs 
and  the  lube  becomes  tilled  with  air.    {Fischer.) 

2.  Adhexion  of  elastic  Jlukls  to  solids, 

1.  Wood  and  other  solid  bodies  immersed  in  water  or  other  liquids 
appear  covered  with  air-bubbles. 

2.  The  cli?8o  adhesion  of  a  thin  film  of  air  and  vapour  of  water  to  the 
Biirfaces  of  glass  tubes  is  the  cause  of  the  difHculty  of  nbtainiiig  barome- 
ters and  thermometers  free  from  air.  This  thin  lilm  of  air  and  vajKJur 
cannot  be  removed  by  the  air-pmnp,  btit  only  by  boiling  the  mercury,  the 
VBp»)ur  of  which,  as  it  escajies,  carries  the  air  and  aqueous  vapour  along 
with  it.  That  untKiiled  mercury  is  free  from  air  and  water,  and  there- 
fore has  nothing  to  do  with  the  difficulty  in  question,  is  shown  among 
other  [iriMife  by  this;  that  when  mercury  is  iKtik-d  in  a  naiTow  barometer- 
tutto  having  a  large  bulb  at  one  end,  and  the  tiiU'  inverted  in  a  basm  of 
mercnrj'  and  inclined,  then  if  the  ipiuiitity  of  ImiJefl  mercuP)-  !>e  not  suf- 
ficient bi  till  the  biiib,  but  in  cons«({Ucnce  a  considerable  (lusuitity  of  uu- 
lx>il<«d  merciirj'  rniist  enter  it,  the  barometer,  on  In'ing  set  upright  again 
will  stand  at  the  saiix;  height  as  before.     (Bellani,  Bnuju.  (j'ii>r/i.  IG,  20.) 

8.  Tiiis  |)ower  jHissessed  by  solid  botlirs  of  rixing  elastic  fluids  on 
their  surfiices,  is  much  increased  when  the  extent  of  surface  isenlargvd  by 
pulverising.  All  pulverised  btidies  are  more  or  less  hygrosco|tic,  i.  e^ 
tJiey  U'comc  covered,  on  exiKisure  to  the  air,  even  though  it  may  be 
very  dry,  with  a  film  of  condensed  va|K.iur  of  water,  and  alsi>  of  con- 
di-niHM]  air,  by  which  their  weight  nmy  lx>  increased  some  3  or  4  per  cent. 
Many  bodies  seem  to  pOM<—  the  jiropertv  of  condensing  the  oxygon  of 
tho  air  on  their  surfaoc*  in  preference  to  the  other  gases  amtaineu  m  it. 
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3.     Adhesion  bfttpeen  lu/uuls. 

1 .  The  epreading  of  water  over  the  surface  of  mercmy  seems  to  arise 
cliiefly  fmm  this  cauBc. 

2.  When  one  Wquu]  is  very  intimatply  rliffnaoil  through  another,  both 
being  purfoctly  traiispareut  wheu  separate,  u  turbid  and  often  milky  fluid, 
called  an  Enmhuw,  is  produced,  out  of  wiiicJi  the  two  bodies  sejtarate  slowly 
in  oliedience  tu  their  different  specific  gravities ; — e.g.,  distilled  water  over- 
cliarged  with  a  volatile  t:iil. 

4.     Adhesion  hetictai  liquids  and  solids, 

1.  If  a  plate  of  any  solid  liody  be  phiced  in  contact  with  the  surface 
of  a  liquid,  a  certain  force,  detenninable  by  weight,  is  required  to  sepa- 
rate them,  Ex|>eriment8  of  this  kind  are  described  by  Guyton  Morveau, 
in  the  Encifclopedie  mi'thodif/ne,  Faris,  178'!.  (An  instance  nf  the  com- 
bined jictiiHi  of  cohesion  and  adfiesion  is  afTtjrded  by  the  Iintding^  together 
of  two  glass  plates  having  a  fihn  of  water  or  oil  between  them.)  Li- 
quids attach  themselves  to  solid  bodies,  even  in  oppositimi  to  their  owii 
wciglit  and  cohesion,  and  rise  along  their  surfaces,  e.g.,  the  concave  strr- 
face  of  water  in  glass  vesseis;  writing;  painting;  the  rise  of  Uquids  in 
capillary  tubes;  blotting-pa|^)er;  the  raj)o-pump.  The  lioight  Ut  whieh 
the  liquid  rises  for  a  given  distance  !>ctwecii  the  walls  of  the  solid  lK>dy 
affords  a  nieasui'e  of  the  force  of  adliesioo.  Earthen  vessels  tilled  with 
wjiter  liohlitig  enrb<>nate  of  soda  in  solutiou  and  chargecl  under  strong 
pressure  with  carbonic  acid  gas,  exhibit  the  following  phetiottieiui  accord- 
ing to  the  degree  in  which  they  have  been  fired: — («.)  Well,  but  not 
thoroughly  ]>unit. — The  water  holding  the  carbonate  of  soda  in  solution 
is,  by  the  pressure  of  the  carbonic  acid  gas,  gradually  and  completely 
driven  through  the  pores  of  tlu>  vessel;  on  opening  the  vessel  after  it  has 
liecfmie  thoroughly  dry,  the  gas  escapes  i^ith  violence.  Hence  water 
passes  more  easily  thrrmgh  very  narrow  jwres  than  carbonic  acid  gas, 
because  the  atoms  of  the  latter  are  surroiuided  with  spheres  of  heat. 
(A.)  From  vcHsels  still  less  Imrtit  the  gus  escajics,  while  the  whole  or 
the  greater  jiart  of  the  hquid  remains  Ix-hhid :  for  when  the  pores  arc 
Buftidently  large,  the  gas,  being  the  more  moveable  bctdy,  escapes  more 
quickly  than  the  water,  {c.)  If  the  vessel  has  been  but  very  slightly 
bakc<l,  tlje  gas  and  titpiid  escape  together,  the  latter  in  the  form  of  fine 
rain  or  mist,  as  hmg  as  the  pressure  of  the  gas  is  snflieient  to  force  it 
out.  (Jeffrey,  PfiiL  Miuj.  J.  16,  10.)  Cracks  produced  in  tlie  sealed  end 
of  a  glass  tubt!  liy  heating  and  then  wetting  it  with  water,  may  be  of  four 
degress  of  finenens.  («.)  The  widest  allow  water  to  escape  wheti  the  tube 
is  exposed  to  the  air.  (6.)  Those  somewhat  narrower  only  when  im- 
mersed in  water,  (r.)  Still  tuinower  cracks  are  pervious  only  when  the 
liquids  within  and  without  the  tube  are  of  different  chemical  nature  and 
disposed  to  combine;  no  rising  of  the  liquid  takes  place  as  in  cudosniose; 
no  evafxtratiim  of  wati-r  takes  jjlace  on  exposing  the  crack  to  the  air. 
((/,)  Cracks  of  yet  gi'eater  lineoess  are  pcrmearile  ordy  under  the  follow- 
ing galvanic  coriditiouH  :  the  tube  contains  a  solution  of  nitrate  of  Kilver 
with  a  platinum  mre  immersed  in  it,  tlie  outer  vessel  coutaintng  water 
with  a  ziue  wire;  the  zinc  and  plat  in  mn  are  in  metaUic  contact:  under 
these  circumstances,  a  portion  of  Kilver  is  deposited  on  the  platinum  wire, 
in  the  course  of  24  hours,  and  the  water  is  found  to  contain  a  very  small 
ipiantity  of  nitrate  of  xinc.     (N.  Fischer,  Pogg.  11,  132.) 

3.  When  a  soUd  body  In  a  state  of  minute  division  ia  diffused  through 
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a  liquid  by  any  mechanical  or  chemical  force,  it  becomes  suspended,  in 
consequence  of  its  adhesion  to  the  liquid,  and  often  sejiarates  but  very 
Blowly.  The  separation  of  the  suspended  body — {n)  by  leaving  the  whole 
to  stand,  and  then  poiu-ing  off  the  liquid  fn»ni  the  sediment  at  the  bot^ 
torn,  or  drawing-  it  off  with  a  «ypiiini,  in  tlie  |m»eeHB  of  SuhMttion  and 
JJeeaiitation ;  (b)  by  emiibining  it  witli  a  third  boil^y  so  as  to  ftinn  targ-er 
andnon-suspendiWe,  niasHes,  tliat  of  Clorijication  ;  (c)  by  pouring  the  litjuid 
through  a  finely  porous  Bubatance,  which  perhapts  acts  by  adhesion  on  the 
Suapended  body,  that  of  Stniininff  (»r  Fill  nit  ion. 

4.  JCntloJininse,  W'lieu  twcj  liquids  capabJe  of  mixing  are  separated 
by  a  porous  diaphragm,  each  of  them  pcrnjcjitea  the  diaphrapm  in  order 
to  mix  with  the  other.  This  excliang-e,  however,  always  takes  place  in 
unequal  pn>porti<.iiis.  ho  that  tlie  volume  <tf  the  one  liquid  iricreases  while 
that  of  tiie  other  dimitiisj^hcs ;  but  some  portion  of  the  latter  always  gws 
over  to  mix  with  the  fonner.  The  struuger  (UUTent  is  called  by  Dutrti- 
cliet,  Eridomnosie,  the  weaker,  Exo^viicme ;  the  iucreaKiug'  liquid,  therefore, 
is  said  to  exhibit  euduamose,  that  is  to  say,  tlie  other  liquid  goes  into  it. 
This  uiiiupial   penetration  is  mainly  attributabli:  to  the  different  degrees 

adhesion  exerted  by  the  diaphragm  on  tlie  ivco  liquids ;  that  which,  on 
_  count  of  stronger  adhesion,  enters  the  diaftliragm  with  greater  facility, 
'win  sooner  rc^ich  the  ojiposite  surface  and  there  be  taken  up  by  the  other 
liquicL  Difference  of  viscosity  may  alwj  have  soinething  to  do  with  the 
effect.  Exjx'riments  on  this  subject  are  usually  made  by  jilaciug  a  gflass 
tube  OP  inverted  tjlter  closed  at  the  bottoni  by  a  diaphragm  and  fillrd 
■with  one  of  the  liquids,  in  a  vessel  whidi  contains  the  t)ther,  both  liquids 
i  being  made  to  stand  at  the  same  height.  The  level  tlien  rises  either  in 
the  inner  or  the  outer  vessel,  aecordinji^  to  the  nature  of  the  liquid;  if  the 
two  cuiTents  are  of  the  Kame  strength,  the  level  remains  unaltered, 
alUidugh  the  tiuids  become  uniformly  mixed.  Tlie  oUKtrvatious  made 
Upon  this  phenomenon,  arranged  according  to  the  natui'c  of  tlie  diapln-agm, 
are  as  follows  :— 

a.  Baked  earthenicare.  Endoamose  proceeds  from  water  to  solution 
of  sulphurous  acid  of  l-()2  sp.  gr.  to  dilute  sulphuric  acid  of  1"054  sp.  gr. 
and  to  sulpliuretted  hydrog-en  water:  on  the  contrary  it  prtHXjeds,  at  all 
degrees  of  ienifx'rature  and  oouceutration,  from  oxalic  and  tartaric  acids 

water.    (DutnK'het.) 

ht  Caoutchuiu-.     Through  any  material  covered   with   caoutchonc  cn- 

niOW   pmceeds   from    alcohol  to   water,  first  slowly,  l>ut    afterwards 

:kly,  wiien  the  eaoutchime  h;is  l>een  act»*d  ujxin  by  the  ulcnhol ;  at  the 
Bauic  tinie^  the  alcohol  becomes  more  and  more  dilute  by  the  act  inn  nf  an 
opiMisite  stream  fif  water.  (Dutrochet.)  A  caoutchouc  bottle  filled  with 
i filler  graduidly  empties  it-H«>lf  in  aIc<^)hol  or  water;  if  filled  wilh  alcohol 
H  distfudri  in  ether  but  empties  itni'lf  in  water:  if  filled  witii  water,  it 
distends  when  pkc4^d  either  in  alcohol  or  in  ether.  Ilence  caoutchouc  is 
most  pervious  to  ether,  then  to  alcohol,  and  lastly  to  water.  (Mitchell,  J, 
Boy. /«#/.  2,  112.  and3l7.) 

lihuUUr.  EndiiHmoee  jjrocccds  at  lO'C.  from  water  to  dilute  sul- 
phuric ttcid  of  l-oya  fip.  gr. :  but  in  the  contrary  direction  with  sulphurio 
»cid  of  I'Oat  Hp,  gr.  It  also  iirticeeds  from  solution  of  guljihunms  aci4l 
of  r02  Hp.  p-.  lo  water;  liolh  tbeao  acids,  huwevcr,  smm  destroy  the 
bladder,  and  then  thr  two  liiiuids  rc-assimue  the  same  level.  (Dutroehet.) 
8ohiti(>n  u\  snl)ihurett<  '  '  '  en  gf>eM  over  to  water  according  to  Dutro- 
Chet ;  but  iieomding  t'  <.  the  exchiuige  takes  place  without  altera- 

tion uf  volume.     At  lu    L.  hydrochloric  acid  of  1*017  ep.  gr.  rcmaii 
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iMmiiibrium  with  water;  if  the  add  is  stronger,  e.  .7.,  1-02,  the  water 
goes  over  to  it ;  if  weaker,  e.  g.,  I'd/i,  it  goes  to  the  water  ;  at  22°  C.  it 
must  l-ie  diluted  to  l-(i02  sp.  gr.  in  order  that  eudosmose  uiay  Ix?  directed 
from  it  to  water.  (Dutn)chet.)  At  10°  C.  nitric  acid  of  liW  sp.  gr. 
remains  at  the  same  level  as  water ;  if  the  sp.  gr.  be  l'I2  or  higher,  the 
water  goes  Ut  the  acid;  at  1*08  ap.  gr.  and  under,  the  acid  goes  to  the 
water.  (DuLrochet.)  Solution  of  oxalic  acid  goes  over  to  wuter  at  all 
degrees  of  temperature  and  eonceiitiation;  the  more  it  is  concent  rated,  tlie 
faster  it  trtiveln  :  on  the  e<intniry,  it  filters  through  the  bladder  much  more 
slowly  than  pure  water  (the  slowness  increasing  with  tlu;  cuiiceiitratiou) 
if  the  lower  surface  of  the  bladiler  1m>  placed  in  contact  with  a  sulution  of 
the  same  strength  as  that  whose  rate  of  tiltration  is  to  i*  dolerniincd. 
This  seems  at  variance  with  tin.'  RU[»|>osition  that  en<losnio8e  is  due  to  dif- 
ference of  adhesi%'e  p«.)wer.  A  solution  of  11  parts  of  tartaric  ticid  in  10l> 
of  water  (sp.  gr.  I'O.'j)  remains  in  cquilibrio  with  pure  water  at  2.^°  U. ; 
witli  a  stronger  solution,  the  principal  current  is  directed  from  the  water 
tn  the  acid  ;  with  a  weaker,  from  llie  acid  to  the  watt-r.  At  IT)"  C  eqiii- 
Uhriitni  takes  pbice  with  a  solutiiui  <»f  21  parts  of  tartaric  aci<i  in  100  of 
wiiter  (sp.  gr.  M);  at  8°,  \yith  30  of  tucid  to  lUU  water  (sp.  gr.  1-15); 
and  at  +  0-25°,  wilii  40  acid  to  I(M>  water  (sp.  gr.  1-21).  It  apjxjarB, 
then-fitrc,  that  the  tendency  of  tiie  acid  to  go  over  to  the  water  increases 
as  the  temperature  is  lowered.  A  solution  of  11  jmrts  of  citric  acid  in 
100  parts  of  water  (sp.  gr.  1*05)  equilibrates  with  water  just  like  a  solu- 
tion of  tartaric  acid,  (l)utrochet.)  Endosmose  proceixls  from  water  to 
solutions  of  saltpetre  and  common  salt.  A  solntion  of  eoranion  salt  of 
1-12  sp.  gr.  rises  in  water  twice  as  high  in  the  same  time  as  a  solution  of 
l-(>6  sp.  gr.  A  solution  of  comuion  salt  of  iMlB.ii  s|i.  gr.  goes  over  to  a 
solution  of  Glauber's  salt  of  the  same  density.  (Dulrochct.)  Endosmose 
proceeds  from  water  to  solutions  of  conunon  salt,  chloride  of  calcium, 
protosulphate  of  iron  and  sulphate  of  copper.  The  alteration  of  levd 
ceases  when  the  liquids  in  both  vessels  become  of  the  same  strength. 
With  common  salt,  the  rising  of  the  Ii»juid  is  much  less  rapid  than  with 
the  more  soluble  chloride  of  calcium.  If  the  experiuvent  be  made  with 
two  solutions  of  the  same  salt  of  different  degrees  of  concent  nit  inn, 
endosmose  always  proceeds  from  the  weaker  to  the  stronger.  So  like- 
wise from  the  solution  of  a  less  soluble  salt,  such  as  sulphate  of  potash,  to 
a  saturated  solution  of  a  more  soluble  salt  such  as  acetate  of  potash. 
(Magnus,  Pogi/.  U\  160.)  Endosmose  proceeds  from  water  to  solutions 
of  all  kinds  of  salts,  increasing  in  forra;  with  the  strength  of  the  solution  ; 
it  is  strongest  with  chloride  of  copper ;  then  fidlow  green  and  blue  vitriol ; 
then  common  salt  atid  sal-ammoniac;  it  is  weak  with  chloride  of  iron  and 
Bulphoeyanide  of  ixitassium  ;  and  wnth  pioiochloridc  of  tin,  nitrate  of  silver, 
and  chloride  of  gold,  which  arc  deconifiosed  by  the  bladder,  no  endosmose 
is  observable.  (N.  Vischev,  Fotjff,  11,  126.)  If  the  outer  vessel  contains  a 
solution  of  Kulj)hate  of  copper,  the  itiner  one  waiter  having  a  piece  of  iron 
in  it,  endiismose  is  directed  to  the  water  provided  the  iron  touches  the 
bladder,  while  copi>er  is  deposited  on  the  outer  surface  of  the  bladder,  and 
acid  and  oxygen  carried  over  to  the  iron  by  galvanic  action.  (Fischer, 
Giib,  72,  305,  Magnus.)  Zinc  causes  the  water  to  rise  as  well  as  iron,  but 
mrtre  slowly ;  if  the  iron  does  not  touch  the  bladder,  the  water  sinks. 
(Wach.  Sc/iw.  m,  20^ 

A  bladder  tied  over  a  glass  filled  with  alcohol,  swells  np  under  water 
to  such  an  extent,  that  when  the  bladder  is  pricked  with  a  needle,  the 
alcohol  spirts  oat  iu  a  long  streatn.     (Parrot,  Fogrf.  10,  166.)     In  thia 


W) 


INTRODUCTION, 


experiment  a  little  aJcohol  also  passcB  into  the  water,  (Magnus.)  It  fol- 
lows, thort'fore,  that  alcohol  aud  water  exhibit  cuntrarj*  actions  towards 
bladder  and  caontchoiic,  because  alc«)hi  il  adheres  more  strong'ly  to  caout- 
chouc, water  to  bladder;  water  contaijiiiipr  sul|jhuretted  hvdrogeu  pene- 
trates into  alcohol  even  more  qniekly  than  pure  water.  (Mitchell.) — For 
siinihir  cxperiinerita  by  Sommcriiig  see  Ako/ioi. — Water  passes  to  ether 
in  the  same  manner  as  to  alcohol.  (Dutnxihet.)  Endosmose  is  directed 
from  wat-er  to  solutions  of  glue,  gmn,  sugar,  and  white  of  eg^;  and  when 
these  liquids  have  the  same  density,  1*07,  the  rise  of  the  liquid  is  mea- 
sured in  the  case  of  ghie  by  3,  of  gum  by  5,  of  sugar  by  11,  and  of  white 
of  egg  by  12  :  the  last  exhibits,  therefore,  the  strongest  endtwmose.  A 
Bolution  of  1  part  of  gum  in  K!  of  water  passes  over  to  a  solution  of  1  part 
of  sugar  in  I(j  or  even  32  of  wiiter,  although  the  former  solution  is  much 
more  viscous  than  tlwi  latltrr.  If  1  |>art  of  oxalic  acid  is  mixed  with  the 
eolution  of  1  of  sugar  in  16  of  water,  the  etidosmose  is  from  the  sugar 
solution  to  the  pure  water;  when  2  parts  of  sugar  and  I  of  oxalic  acid 
an.'  dissolved  in  16  of  w;iter,  the  snhition  reieiains  in  equilibrium  with  pure 
water,  jxirtiotis  of  sugar  and  oxalic  acid  passing  however  into  the  water. 
A  Bolution  of  sugar  rises  li  times  as  high  with  solution  of  oxalic  acid  as 
with  fjurc  water  in  the  same  time;  it  acts  in  the  same  manner  towards 
solutionB  of  tartaric  and  citric  acid.     (Dutnx'liet.) 

d.  Stem  of  the  A /bum  Porriim  (Ueh).  Endosmoso  from  water  to  sut- 
phuric  acid  of  1  -oST-l  sp.  gi-. ;  also  to  Knhition  of  sulphuretted  hydivigen, oxalic 
acid  and  tartaric  acid  oil  various  degrees  of  conceiitriitinn  and  at  various 
teinp'ratures :  in  the  contrary  direction,  therefore,  to  that  with  lilathler. 
(Diitrochet,  Ann  C'h.  rhj^.  35,  393  ;  37,  HU  ;  4;»,  411  ;  51,  15'J  ;  extr.  in 
Pogg.  138;   12,  fil?;  28,  351*;  alsn  Ann.  Chim.  Pfu/.t.  (Ji),  337.) 

On  Endosmose,  see  also  Oraham  {Phii.  Tntm.  ISf)."!,  p.  177;  C/iem.  Soc. 
Qii.  J.,  8,  43;  Eleimnts  of  Chevmtrif,  2nd  Edit.  vol.  2,  p.  (>iy);  and  on  the 
lUffusinn  of  Liquids,  without  inlor\'ening  diaphragms :  (rraliam  (PhU. 
Trat^.  1850,  14..  1,  805  ;  Cltetn.  Soc.  Q>K  ./.,  2,  (10,  2.i7  ;  4,  83;  Etemetit»  of 
Chetiiiftry,  2nd  Ed.,  vol.  2,  p.  mi);  Beilatein  {Ann,  Pfiarm.  yy,  105); 
Simndcr  and  Wilde  {Pogg,  100,  217). 

5.  Adhmon  between  Solids^ 

1.  Fine  dust  adheres  to  vertical  and  inverted  horizoQtal  sarfaces. 

2.  Two  heterogeneous  bcnlies  with  very  finely  polished  surfaces  adbcro 
ii^tO^tlier  with  a  certain  force.     Compare  Prechtl.  {Pofjfj.  15,  223.) 

8.  This  kind  of  adhesion  is  most  powerfully  manifested  when  one  of 
the  iKjdies  is  first  brought  to  the  liijuiil  state  (by  which  it  acquires  the 
P':)wer  of  adapting  itself  j.ierfi'ctly  to  the  surface  of  the  other),  and  after- 
wards solidified.  This  is  the  principle  of  glueing,  pasting,  »olderLug, 
eilvcriug  of  mirrors,  the  use  of  mortara,  cements,  &c. 
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Synonymea :  Chemical  Attraction^  Chemkal  Force,  Elective  Attraction^ 
Electitv  Affinity,  Chemische  Krafts  Vcncandt^chaft,  Wahlverwaiidtschafl, 
Wiihlanzieiung,  AJinitas,  Aitractio  Electiva,  Affiniie. 

JTi^torf).  Chemical  combination  was  in  early  times  attrihiitcd  to  the 
general  |iriridi>!e  of  iri|>pi>crut(*s  that  like  asHorts  with  tike:  licnee  tlm 
wr>rd  Aflinity  (Verwandtschaft)  whicli  seems  to  have  been  lirst  rtn)ilny<'d 
by  Barchhnsen.  Becher  assumed,  in  accordance  with  (his  dng-ina,  that 
when  two  bodies  are  capable  of  combining*  they  nuist  etmtain  a  cojunuwi 
pritieijile.  Othere,  among  whom  was  Lemery,  suppnsed  that  Holviritn  are 
funiished  with  a  number  of  sharp  points  by  nieawB  of  which  they  are  more 
or  less  adapted  to  iiisiiiuate  theniKelven  into  the  pores  of  eoliil  biMlies  and 
combine  with  them.  According  to  Stahl's  theory,  chemic^'d  cumbinatioa 
proceeils  from  the  intimate  approximation  of  the  parts  of  the  combining 
UndieH  but  not  exactly  in  the  manner  of  a  wedge,  Newton  was  the  first 
who  referretl  chemicsd  combination  to  the  principle  of  universal  attraction, 
though  he  at  the  same  time  partly  assumed  that  thin  attraction  between 
ultimate  partictes  is  not  exactly  the  same  ae  tliat  which  acts  between  tlie 
great  Ixidios  of  the  universe.  Geoffrey  the  elder,  in  1718,  drew  up  the 
first  Table  of  Affinity,  which  was  eubsequently  eidarged  and  corrected  by 
Gellert,  Wonzel,  Bergman  and  Guyton-Morveau.  Thc  idea  that  many 
chemical  combinations  take  place  ui  definite  |ji'apf»rtions  only,  had  occurred 
to  some  *>f  the  ohlcr  chemistH,  e.g..,  VVenael,  Bergman,  Kirwun ;  and  tiny 
endeavoured  to  determine  these  projKirtioiis.  This  view  was  coniimied 
by  Kieht(ir,  Proiittt,  Gay-LuRsao,  Dalton,  and  Berzelius,  and  expanded 
into  the  Tiicory  t>f  DeJmS.€  Proportima  or  Stolchknnetry. 

I.    FlJWDAMENTAL   NoTlON   OF   AfFIKTIT. 

Affinity  is  that  kind  of  attraction  by  viituc  of  which  bodies  of  dis- 
imilar  nature  combine  together  into  a  whole  which  appears  fwrfectly 
iiifonn  to  the  senses,  even  when  assisted  by  the  most  [xjwerful  instru- 
lents.  The  act  of  union  is  called  Chemical  Combination',  the  resulting 
jroduct  a  Chemical  Compound,  and  if  it  he    fluid,  a   Solution,     The   dia- 

'  The  term  Comhinalion  is  Bometimes  pIm  applied  to  thc  resulting  product :  tlie 

orreapondin^  Ocrman  word  Vrrbindung  ia  applied  indificrlmiiiatcl}'  to  the  act  of  com- 
iLion  and  to  the  product.    [W.J 
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similnr  BubRtaucca  containod  in  tlie  cnrapnund  s.re  its  CornpoiMntt  of, 
El^iitntfi ;  and  of  those  if  one  lie  fluid  and  the  nttier  soUd,  the  former  ia 
called  the  Solvent  or  Menstruum,  the  latter  the  Dmohed  bttdif  or  Solututiu 

The  sphere  of  action  of  chemical  affinity  has  hy  florae  chemists  been 
too  luucli  enlarged,  by  uthere  too  much  contracted.  An  instance  of  tho 
former  nf  fliese  errors  has  already  lieeii  g^iven  in  s|K'aking  of  the  mixture 
of  guses  {|jage  21).  The  following  views  on  the  contrary  appear  to 
restrict  the  idea  <>f  a  chemical  compound  between  too  narrow  limit«. 

1.  Many  c-onihinations  of  UmudB  witii  gsisew  in  whieli  the  latter  losa 
t^ioir  gaseouH  condition  are  by  Dalton  and  others  regarded  as  mecbanical 
(vid.    Wtttcr), 

2.  All  mixtures  of  liquids  one  with  another,  and  all  solutions  of  solidfl 
in  liquids,  are  by  Berzelliis,  Mitscherlich,  Dimias,  and  others  of  the  most 
diKtingtiishcd  modern  uheitiifits,  regarded  as  not  ehenucal,  nidess  they  take 
place  in  definite  profKirtioiis  :  e.g.,  mixtures  of  water  and  alcohol,  alcohol 
and  volatile  oil  •,  Kolutions  of  acids,  alkalies  and  salts  in  water,  alcohol,  &c. 
Mitscherlich  attributes  such  combinations  to  adhesion,  BeracUus  to  a 
modiiicatiitn  of  afllyity, — wljile,  itccording  to  his  view,  chemical  c^>mbina- 
tions  properly  so  called  result  not  from  affinity  but  from  electrical 
uttraction.  Dumas  ascribes  them  to  a  nolinit  poirer,  which  he  supposes  to 
hold  a  middle  place  betwt-en  cohesifin  and  affinity:  inasmuch  as  the 
former  causes  the  union  of  bodies  of  tlie  same  nature,  the  latter  that  of 
bodies  of  very  opjKjsite  natures,  producing  comj)Ouuds  {Kissessed  of  new  and 

Tuhar  pro[K!rties ;  wliile  the  Hohent  power  causes  the  combuiation  of 
Mlies  of  very  similar  nature,  as  of  metals  with  metals,  acids,  alkalies  and 
Its  with  water,  resin  and  fat  with  alcohol,  &c.  These  views  lead  to  do 
'imtisfactory  definition  of  Affinity  (for  objections  to  them,  vid.  GfhUr^ 
f/iifs.  Worierbuch.  Ausg.  2,  D,  1862).  They  arc  nevertheless  true  ia 
this  resp<.'ct  that  a  distinction  must  bo  made  lK.'twoen  strong  and  weak 
affinities,  the  fonner  producing  compounds  of  definite  constitution  aod 
ciiariMjterised  by  diHtinct  and  remarkable  properties,  while  the  latter  give* 
riw<  to  proilucts  of  less  definite  composition  and  tUfft;rijig  less  in  their 

rtniperticH  from  the  bocUes  of  which  they  arc  fonned :  on  this  ground 
l<'rthollet,  in  an  earlier  state  of  the  science,  chstinguished  the  mora 
intimate  combinations  aw  Compound»  (Combiftaisons)  and  the  less  intimate 
as  Solnthiu  {DiMo/utioits),  though  the  two  classes  merge  into  one  anotbgr 
by  imperceptible  gradatjous  and  admit  of  no  determinate  separatiou. 


II.  Range  or  AFFixmr. 
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Every  8im|ile,  i.e.,  hitherto  undecomixtsed  body,  is  capable  of  entetiotf^ 
,Jnto  chemical  c<imbination  with  others,  but  generally  speaking  not  with 
It  is  poKsible  that  every  simple  substance  may  have  affinity  for  cverf 
fiwher  :  but  many  com|v>iuids  of  these  substances  may  not  have  been, 
obtained  hitherto,  l>ets*H8e  the  comjxjnents  have  not  been  placed  under  tho 
iKU-ticnlnr  o>n«htinn«  in  which  their  affinity  can  exert  itself;  others  it  may 
l»e  impoHHible  to  f<»nn  because  the  affinity  In'tween  their  components  ia 
overc-ftmc  by  the  force  of  gravitation,  cohesion,  or  elasticity.  For  pxam- 
|ile,  the  fiu't  of  onrl)on  not  combining  with  mercury  may  |)erhape  be 

I"'-' 1.  i»artly  by  the  great  c<»hesion  of  carbon,  the  tendency  of  tta 

j  'o  remain  c«m>binod  amongst  themselves  being  possibly  greater 

iii.u,  tiiiu  iuehnution  to  unite  with  those  of  mercury;  partly  from  the 
;,'i.;it<'r  H|H.«cifie  gravity  of  mercury,  by  which  that  sulwtance  is  prevented 
from  diffusing  itself  through  so  comparatively  light  a  body  as  corboD. 


APTINITT. 


SA 


Sn  likewise  the  da«tlc!ty  of  nitrti^f.n  may  provpnf  tliat  sulistance  from 
combining  with  metals,  inasmuch  as  by  entering'  into  such  comMiiatiMn,  it 
would  loMP  its  giiseous  form.  If  a  jras  be  regarded  as  a  cotnjKnuKl  of  a 
ponderable  body  with  heat,  the  expliiuation  jnst  given  will  amount  to 
this, — that  nitrogen  is  prevented  from  combining  with  metals  in  con- 
eequence  of  its  greater  affinity  for  beat. 

Compounds  resulting'  from  the  union  of  two  simple  substances  or 
CompottTfdi  of  the  First  (}i-4trt\  to  wliirli  belong  the  inorganic  aciils,  bases, 
metallic  chlorides,  &c.,  are  themselvcR  for  the  most  part  oapal»lc  of  com- 
bining— sometimes  though  rarely — with  Rimple  Hubstancea,  luit  nuiohraore 
frefpiently  with  other  com[iounds  ul  tlie  Kame  order.  In  this  niiiniiei'  ai'e 
fru-tncd  Com]>otmds  nf  the  Second  Onlet;  the  niftst  imjK>rtant  of  which  ai'e 
the  simple  salts.  These  compounds  again  are  capable  of  uniting  both  with 
each  other  and  with  compouuds  of  the  first  order,  tlins  forming  compounds 
of  the  higher  orders  :  and  so  on.  But  the  mure  cumplicateil  the  constttu- 
tion  of  any  such  substance  may  be,  the  more  nearly  •wril!  the  combining 
tendencies  of  its  elements  be  satinfied,  and  the  less  therefttre  will  be  the 
inclination  of  those  elements  to  enter  into  fnrtlier  ct>mbiuatifin8.  In  this 
manner  chemistry  reaches  its  limit.  In  eomjKiunds  of  the  second  order,  a 
distinction  may  be  made  between  Proximate  and  Ultimate  elements 
(Principiit  proxima  ft  remota)  ;  in  those  of  the  third  order,  between 
Proximate  elements  of  the  Jir.*t  order,  Pifirfmnfe  elements  of  the  second 
order  and  Ultimate  elements.  Thus  in  sulphate  of  potash,  sulpliuric  acid 
and  potash  are  the  proximate  elements ;  and  since  8ul|>]iiirie  acid  consists 
of  sulphur  and  oxygen,  potash  nf  potassium  and  oxygen,  we  say  that 
oxygen,  sulphur,  and  potassium  are  the  ultimate  elemefits.  Since  com- 
pounds geiiprally  exhibit  afiinities  different  from  thost'  of  iheir  components, 
it  follows  that  the  affinities  of  the  eomjionents  in  tlieir  character  of  primi- 
tive or  elcmentarj'  substances  will  8f>metimes  (hffer  from  the  resulting 
affinity  of  the  cfKnponnd.  T)(e  older  chemists  distinguished  such  cases  by 
particular  names.  Thus,  if  there  be  a  substance  A  with  which  another 
substance  B  is  capable  (»f  uniting,  while  a  third  substance  C  is  not  capable 
by  itself  of  entering  into  such  combination  but  becomes  so  liy  uniting 
with  B,  the  afRnity  thus  nianifested  was  called  Mediating  Affiuitij,  (ver- 
fniffelnde  Veru'diidticlinft^  Affinifas  approrimnns,  appropriata  j?.  ndjuftt.) 
For  instance,  alumina  (C)  by  combining  with  sulphuric  acid  ( B)  becomes 
^soluble  in  water  (A).  If  neither  B  nor  C  can  combuie  with  A,  but  the 
jmbiuation  HC  can  form  such  a  imion,  the  jiffinity  is  calle<l  Prodwcd  or 
tJ)et:eloped  Affimlif,  (erievgte  Verwandtscfinji,  Ajfinitag  prodncta).  Thus, 
[neither  carbon  nor  nitrogen  can  combine  with  mercury;  but  their  com- 
[  pound,  cyatiogen,  has  a  powerful  affinity  for  it.  An  example  of  the 
iinability  of  four  fiquids  to  combine  is  afforded  by  the  so-called  /J^kj-  fkinenis 
li(mcrcury,  sotution  of  carbonate  of  potash,  dilute  alcohol,  and  n>ck-i>il). 

in.  Formation  of  CnKMiCAL  Compounps, 

The  case  in  which  2  or  more  bodies  combine  without  causing  the 
destniction  of  any  ]treviously  existing  chemical  coniixjund  was  called  by 
1  the  older  chemists,  Affinity  of  Composition  or  of  Mixture,  {zmammeuitetzende 
voder  vermischende  Affinitiit,  Affinitas  vmnpositioHts  g,  mixtionis.) 

1.  Conditions  under  which  Chemical  Combination  tates  place. 

A.  The  affinity'  of  the  combuiing  bodies  must  be  sufficient  to  over- 
jme  all  op^Rising  forces,  such  as  gravitatifju,  cohesion,  and  elasticity. 
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B.  The  substancofi  must  be  brought  into  immediate  contact ;  for  affinity 
does  not  act  at  sensible  distances. 

C.  Gi'nfially  speakinpi  'jnc  at  U-ast  fif  the  combining  bodies  must  be 
eitlicr  in  the  Uquid  «»r  garst-nus  state  ;  and,  if  it  be  not  an  at  ordinary  t«ni- 
jXTaturi'K  it  mnst  be  brongiit  into  tiiat  state  by  elevation  of  temperature. 

Hence  the  *M  rule:  Corjxtra  non  agunl  mm  fiuida,  from  the  erroneous 
supposition  that  the  fluid  or  menstruum  was  the  only  active  body,  and 
the  solid  or  scih-endum  a  resistance  to  be  overcome.  Solid  bixlies  either 
do  not  combine  at  all,  or  their  combination  is  attended  with  great  diflS- 
culty,  because,  froni  the  immobility  of  their  parti  do  a,  their  points  of  imnip- 
diate  contact  are  but  few,  and  the  exceedingly  thin  film  of  compoimd 
whi<:h  maybe  fi>rmed  at  such  jMiint^  acts  as  a  partition  to  prevent  further 
coiit.act  and  consequently  further  comJiination.  But  by  continued  rubbing, 
wiiich  renews  the  points  of  contact,  more  complete  combination  may  often 
be  effected:  in  this  iiiauner,  iiuely  divided  co])pt»r  may  1m^  made  to  com- 
bine with  fiulpliur,  the  coiubiiiatioii  being  even  attended  with  riftc  of 
temfierature.  If,  on  the  other  hand,  the  compoumi  foiTiieil  by  the  two 
Bolids  is  itself  fluid,  its  mobility  gives  rise  to  continuaity  renewed  contact, 
nnd  eombinatiou  goes  on.  Thus,  ice  under  (f  unites  with  ehloride  of 
bihIIiitii  iiiul  otln-r  salts,  and  solid  ninitlgum  of  lead  with  solid  amalgam  of 
bisuiutli.  tJryHtallized  oxalic  acid  and  linvc  may  be  made  to  combine 
])y  rubbing  them  together,  liecause  the  acid  contains  more  water  of  crj'B- 
taliiy-ation  than  the  oxalate  of  lin»e  jmjduced  is  able  to  take  up;  hciioc,  at 
the  beginning  of  the  action,  a  httle  water  is  set  free  and  dissolvca  the 
oxahc  acid,  &c.,  «&c.  In  some  cases  it  is  srdlicient  to  heat  one  of  the 
solid  bodies  till  it  softens:  tims  iron  surrounded  witli  charcoal  and  heated 
to  whiteness  is  sltnvly  penetrated  b^-  the  e?iitrc^>al  {Cancntation).  When, 
in  consequence  of  one  or  both  bodies  being  in  the  fluid  Kttite,  combination 
takes  placi'  at  the  ordiimry  temjierature  or  a  little  above  it,  it  is  called 
Solutum  in  the  vet  tni/j  (Svlutio  rin  IniiiiUht)  :  if  a  higher  temperature 
is  required,  the  priKX"SB  is  called  Solution  in  the  dry  wa^,  Fusion  (SolU' 
tio  via  tiuxit,  C'<mfu»io). 

D.  Even  if  one  or  both  of  the  bodies  be  in  the  fluid  state,  a  higber 
temiHTatiire  is  often  nec^'ssary  to  effect  the  combination. 

Melted  sulphur  will  not  combine  with  carbon;  the  sulphur  must  be 
brought  in  the  state  of  vajMiur  into  eontact  with  red-hot  charcoal,  although 
tilt!  eliiKticity  of  the  vapmr  might  rather  te  cxjwcted  to  interfere?  with 
the  eombinatiou.  Neutral  carbonate  of  soda  in  the  olflorescont  state 
abttorbs  carboinc  acid  very  slowly  at  first,  but  moi-c  and  more  quickly  as 
It  gets  heated  by  the  absorption,  and  ultimately  with  great  violence. 
(Mohr,  Ann.  Phnrm.  29,  2C8.)  Charcoal  requires  to  bo  heated  before  it 
will  burn  in  oxygen  gas,  that  is,  before  it  will  combine  with  the  oxygen. 
At  ordinaiy  temperatures,  oxygen  may  be  mixed  with  hydrogen  and 
other  inflammable  gases  without  combining  with  them,  but  at  a  red  heat 
coinbiriation  takes  place  inunediately.  In  this  C4w*e  both  bodies  are  fluid, 
and  we  might  ex|)ect  that  heat,  by  increasing  their  elasticity,  would  rather 
opjtose  than  favour  the  combination.  The  manner  in  which  heat  acta 
in  nuch  rjiw'H  in  not  precisely  nnderstiMKl,  If  for  instance  we  suppose  that 
the  afllnity  iM-tween  <)xygen  and  hj'drogen  in  the  cold  is  not  sufficient  to 
overcome  their  elasticity,  but  becomes  greater  at  a  higher  teinpcraturei, 
then  the  rrstilting  coniiKiund  ouglU,  on  cooUng,  when  the  affinity  K'twecn 
its  ch-njcntH  Is  again  «uminiHheu,  to  bo  resolved  into  those  elements  by 
the  action  of  elasticity.  If  again,  with  Mongo  and  BerthoUet,  we  sup- 
I)ose  that  the  portion  uf  the  gaseous  mixture  first  heated  presses  by  it* 


AFFINITY. 


37 


expansion  on  the  neiglibouring'  particles,  ami  tbereliy  causes  them  to 
cojnbirio,  it  may  be  tirtjued  on  llie  oth<>r  iiaixl  tliat  such  preBsing'  tog^uher 
of  the  [jarticles  can  Imve  but  httle  ffYect,  iiinl  that  no  combination  onsiies 
when  the  gaaeous  mixture  ia  gradually  subjected  to  a  pressure  of  50  or 
even  150  atmospheres. 

G.  In  some  cases,  light  has  tl)c  same  ciTcct  as  an  elevatioQ  of  tempe- 
rature :  e.  g.  Chlorine  and  hydrogen  or  carlMUiic  oxide. 

F.  Electricity  likewise  favours  the  combination  of  many  substances, 
acting  chiefly  by  elevation  of  temperature,  but  also  by  the  cnmpressiou 
which  the  electric  spark  exerts  ujjon  the  gaseous  mixture  thi-ougk  whicli 
it  passes. 

G.  In  some  instances,  the  expaiiRion  of  gaseous  bodies  favours  their 
combination  with  otiiors.  Phospluirus  undergoes  slow  combustion  iji 
oxygen  gas,  however  low  the  tenifmrature  may  Im>,  tin;  aertitm  going  on 
more  quickly  aa  the  gas  is  mure  rarefied;  a  mixtm'o  of  oxygon  and  nou- 
inflammable  phosphuretted  hydrogen  gases  explodes  on  expansion. 

n.  The  presence  of  a  heavy  solid  body,  particularly  a  tnetui,  having 
a  great  extent  of  siu-face,  likewise  cuuscr,  sometimes  at  ordinary,  sotnc- 
times  at  sUghtly  elevatt'd  temperatiu'ca,  the  combination  of  oxygen  with 
inflaramable  gases  and  vaiwiirs,  which  would  otherwise  take  place  only  at 
a  red  heat. 

This  property  is  most  strikingly  exhibited  by  platiinim  ;  the  more 
finely  divided  tlie  pUitininn,  tiiu  stronger  is  its  action.  VV'hen  the  cfmi- 
bination  of  oxygen  with  intlarnraable  gases  t«kes  jtlatre  at  its  Hurface,  the 
LeatdevelojHjd  raises  its  tem[)erature  and  thereby  increases  its  activity,  till 
at  length  the  metal  becomes  red-hot  and  then  sudden  coinbination  ensues. 
Vitl.  Oxygen  and  Hydrogen,  vol.  ii,  p.  46.)  Platinum  apjx.^ars  to  condenso 
gases,  particularly  oxygen,  ou  its  surface  by  adhesion  (page  26),  so  that 
the  hetorogeiw'oua  atoms,  being  deprived  of  their  heat-spheres,  are  able  to 
approach  one  another  and  combine. 

I.  Many  bodies,  jiarticularly  those  which  are  very  elastic,  or  very 
cohesive,  combine  together  only  when  aided  by  the  cheiQJcal  co-ot«ration 
of  other  bodies. 

a.  Formation  of  chemical  compounds  by  S»bstiluHon. 

One,  or  both,  of  the  C4»nibining  b<niies  is  previously  contained  in  another 
comp<.)und  which  is  less  elastic  or  less  coherent  than  the  body  itself,  and 
from  which  it  passes  over  to  the  new  combination  in  the  stf-called  luiscent 
state,  before  it  has  time  to  reassume  the  highly  elastic  or  highly  coherent 
state  which  belongs  to  it.  Nitrogen  and  hydrogen  will  not  combine  to 
form  ammonia  by  the  action  of  either  heat  or  electricity  ;  but  if  tin- 
fiUngs  be  placed  m  contact  with  water  and  binoxide  of  nitrogen,  the  tin 
will  rob  b^tth  these  bodies  of  their  oxygen,  and  the  hydrogen  disengaged 
from  the  water  will  combine  at  the  moment  of  liberation  witli  the 
nitrogen  set  free  from  the  nitric  oxide,  and  form  ammonia.  Tin  acts  iu 
the  same  manner  on  dilute  nitric  acid.  Ammonia  is  also  produced  on 
beating  nitre  with  gimi,  and  hkewise  from  azutized  organic  substances 
when  heated  alone.  Oxygen  and  nitrogen  will  not,  without  great  flilH- 
culty,  combine  directly  to  form  nitric  acid:  this  substance  is  however 
obUiiucd  when  annuoniiical  gas  is  passed  over  red-hot  oxide  of  manga- 
nese, or  a  mixture  of  ammoniaiml  gas  and  oxygen  passetl  through  a  red- 
hot  tube.  The  uitrogeu  being  the  less  elastic  of  the  two  eletiuMita  of 
ammonia,  is  more  disjxmed  to  combine  with  oxygen  when  the  liydrogeu 
has  been  separated  from  it  by  tlio  action  of  that  element,  than  when  it 
is  ia  the  free  state.    Similarly  the  coiubiuatious  of  uitrogeu  with  cldo- 
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line,  broiniiie,  iodine,  sulphur,  and  phosphorus  are  not  obtained  directly 
from  nitrogen  g"A8  itsolf,  hut  from  the  decoinpositioii  of  ammonia.  Iodine 
will  not  coinhiuo  directly  with  oxy^^n  ^'•as  to  form  indie  tu-id :  this  acid  is 
however  produced  uii  hcatinj^  iodine  with  nitric  at-i*!.  Similarly  iodic 
acid  is  pritduced,  a8  also  bromic  and  chloric  iicid  {which  latter  cannot  be 
formed  by  means  of  nitric  acid)  by  bringing'  iodine,  bromine,  nr  cidorine 
in  contact  with  solution  of  p<ita8h.  The  impound  of  wat-er  and  oxygvu, 
called  peroxide  of  bydroj^en,  is  obtained,  not  from  water  and  tjxygeu  gas, 
but  from  water,  ])eroxide  (»f  barium,  and  hydrochloric  acid,  the  *cid 
abstracting-  baryta  and  leaving  the  excess  of  oxygen  of  the  peroxide  of 
barintn  to  g«»  over  to  the  water. 

Amnnj^  the  instances  in  which  coiifHiou  \h  diminished  by  the  action  of 
a  pre-existing  comptiund,  the  following  may  l)C  mentioned :  Anhydrona 
baryta  does  not  absorb  carbonic  acid  gas,  bat  the  hydrate  takes  it  up 
readily,  water  being  set  free  at  the  same  time.  CrystaUized  alumina 
(sapphire),  and  many  other  weak  bases  in  the  crystallized  or  ignited 
state  do  not  dissolve  in  hydixiohloric  acid  ;  but  after  being  heatod  with  a 
large  i]uantify  of  can.itic  jMilash  with  which  they  combine,  they  become 
soluble  in  that  acid.  If  the  insolnhihty  of  crystallixod  alumina  arose  from 
its  cohesion  being  greater  than  ilh*  atlinity  for  the  aciil,  it  ought  not  to 
dissolve  in  the  acid  after  being  ignited  with  jxitash,  but  to  separate,  in 
oonseipicnce  of  its  greater  cohesion,  after  the  juttash  had  bi.H?n  disHolved  in 
the  acid :  it  ap])ears  then  to  be  only  the  peculiar  kind  of  aggrogntion  be- 
longing to  the  crystalline  sttvte  that  prevents  the  alumina  from  acting  in 
obedience  to  its  affinity  for  the  acid. 

b.  Induction  of  ehomicid  combination  by  commnnlcation  of  chemical 
tncrgft, — A  Ixidy  in  the  act  of  chemical  combinatiim  has  the  power  of 
inducing  the  same  kind  of  activity  in  another  body  and  causing  it  to 
combine  with  a  thiitl  body,  thereity  forming  a  comj.Kiund  which,  under 
the  existing  circmnstances,  would  not  have  been  formed  M'illiout  the  pre- 
■eiioe  of  the  first  btjdy.  (Licbig,  Ann.  Phann.  30,262.)  Wet  |>eat-eartb 
gradually  absorbs  oxygen  gas;  if  the  latter  be  mixed  with  hydmgen,  a 
portion  of  the  hydrogen  enters  into  combination  with  the  oxygen,  which 
It  would  not  do  in  the  absence  of  the  ]>eat-earth.  (Saussurc.)  Nitnjgen 
gas  does  not  by  itself  combine  with  oxygen,  even  when  heated ;  but  if  a 
mixturo  of  nitrogen  and  hydrogen  be  set  on  fire,  the  hydrogen  bums, 
pnidiiciug  water,  and  a  poiliou  of  the  nitrogen  combhies  at  thu  same 
time  with  oxygen,  pnxlncing  nitric  acid-  Pun;  cxtpjx-r  does  not  oxidate 
in  water  mixed  with  sulphuric  acid,  but  when  combined  with  zinc  and 
nic-krl  (in  (ieniian  sUver),  nietjUs  which  dectimposo  acidulattnl  waliT,  «>r 
when  iMHubined  with  lliree  times  its  weiglit  of  zinc  otdy,  it  oxidattiH  and 
dissolves  completely  togtfther  with  tlie  <»tlier  metals.  Platinum  when  alone 
does  not  oxidate  and  dissolve  in  nitric  acid,  but  when  alloyed  with  silver 
it  becomes  soluble  in  that  acid. 


2.    CinMmgtm^fg  and   f{<»uUi    of   the  chemical  coTtUnnaiion  of  PondtrahU 

Jiudita. 

A.  Emission  and  absorption  of  imponderable  substances. 

In  all  cases  of  the  combination  of  ponderable  bodies,  a  change  and 
fTi  '■  k  tint.'  of  trmjpcrature  is  |»riMJuced,  sometimes  anumnting  to  the 
ni  ->e  heat.     Thin  ri«;  of  tem|»erature  is  generally  greater  in  pro- 

{Mjrliou  lu  the  strcDgth  of  ilie  affinity  by  wtiich  the  combination  ia  brought 
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aboTit ;  a  fall  of  temperature  is  lesa  frequent.  {  F»rf.  Ileat.)  Some  cora- 
biDutioris  am  attended  with  a  slight  development  tif  electricity.  ( Vitl. 
Electricity.) 

B.  Time  in  which  combination  tEikes  place. 

a.  With  the  game  two  W/i'&s,  tiie  riipiilily  of  coiubiuatiau  is  iucreaBcd 
by  tliininifihiiig  the  quantity  of  a  solid  budy  in  proportidii  to  that  (if  u 
liquid,  or  of  a  p^eous  body  in  f)r()pt»rti<r>ri  to  tliat  of  a  liquid  or  a  solid  ; 
by  dimiTushing-  the  cohesion  of  a  solid  by  heating,  or  the  elasticity  of  ;i  gria 
by  cooling  and  comprt'ssion  ;  and  liwtly,  by  ctHnniinuling  a  Hulid  body  and 
increasing  the  number  of  points  of  contact  by  ftgitation  and  friction. 

A  salt  placed  at  the  bottom  of  a  ifuaulity  of  water  dissolves  very 
filowly  when  at  rest,  because  the  lieavy  lilm  (jf  saline  solution  which  is 
gradually  forming  remains  alx>ve  the  salt  and  prevents  its  contm:t  with 
the  rest  of  the  water:  the  saiue  salt  jiSjiced  at  the  upj>er  part  of  tlie 
water  in  a  muslin  bag  or  a  filter  di8si>lve8  very  rapidly,  because  tlie  solution, 
as  it  is  formed,  sinks  to  the  bottom  and  allows  the  rest  of  tlie  water  Uj 
come  in  contact  witli  the  salt.  Anxmouiiical  gas  tUrected  vi]«ni  thr  sur- 
face of  wat*ir  is  very  shjwly  al«orl>ed,  beciiu.se  the  new  comfionnri  (solution 
of  ammonia)  is  lighter  than  water,  and  therefore  forms  a  layer  on  the 
surface,  preventing  the  furtiier  contact  of  the  water  and  gas ;  Imt  if  the 
gas  is  directed  through  a  tubi'  to  the  bottom  of  the  water,  the  absorittiou 
takes  place  very  quickly.  Hydrochloric  .acid  gas,  on  the  contraiy,  is 
rapidly  absorl^ed  when  diri^-ted  on  the  surface  of  water,  bi-cause  its  solu- 
tion in  that  liquid,  being  heavier  than  water,  .sinks  to  tlie  bottom,  and 
fresh  water  comes  to  the  surface.  A  metal  slowly  cooled  after  fusion  dis- 
Bulvcs  more  rapidly  in  acids  than  it  would  if  it  lutd  In-en  hammered. 

b.  With  different  bodies,  the  rajtidity  of  eoinhiimtion  is  greiitiT,  In  pro- 
portion as  their  affinity  is  greater,  their  cohesion  less,  their  difference  of 
SfK'Citic  gravity  snialler,  their  diffusion  through  one  another  more  easy, 
and  the  fluidity'  of  the  new  ctmipound  more  complete.  The  eombiuatiou 
of  BoUds  with  fluids  takes  pliice  much  more  slowly  in  consequence  of  the 
greater  cohesion  of  the  former  than  that  of  fluidM  with  Huids.  Liquids 
of  different  specific  gravity  combine  slowly  when  at  I'ostand  di8|joscd  ono 
above  the  other  in  layers,  but  quickly  when  sliakeu.  (Jases  combiiio 
most  quickly  of  all,  because  they  difl'use  themHelvcH  through  each  other 
Bpontaucously  by  adhesion  (fiage  20).  If  the  new  compound  is  soliil  at. 
ordinary  temperatures,  it  places  itself  b*?tweeu  the  new  bKfies  and  hinders 
their  further  combination  ;  e.  <f.,  siinc  and  sulphur. 

C.  Proportions  Ln  which  bodies  combine. 

This  forms  the  subject-matter  of  Stifhhiomciiy,  or  the  Doctrine  of 
Chentical  Proportions  or  Chetnical  E<jaifalcnts. 

Puudcrable   bodies  generally  combine  in  definite  pnqMirtionH,  which 
out  with  greater  djstinctuess  as  the  affUuty  between  the  combining 
bstances  is  stronger.     With  renpect  to  the  proportion  iu  wliich  two 
[bodies  combine,  the  following  cases  present  themselves: 

a.  Two  bodies  ma;/  be  mixed  in  any  pixtjtortion  whatever,  and  in  no  case  does 
IH^  mixture  present  any  peculiar  properties:  e.  g.^  Water  and  alcohol ;  alcohol 

d  ether ;  ether  and  volatile  oils. 

b.  One   body   A    may   take   up  any  quantity  whatever   of   another   body 
but  Ji,    after  hurinff    combined  with  a    certain  ijuantity  of^^^tuiy,i  tip 

taorcofit. — B  is  then  said  to  be  saturated  with  A;  the  poitU  of  satu- 
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ration  is  attained;  a  saturated  cmnbifuition  m  solution  has  been  forme' 
1  |«irt  of  linst'fd-oil  may  be  diBsolvcd  iu  40,  or  1000  parts,  or  any  greate 
quantity  of  alcohol ;  but  when  30  parts  of  alcohrtl  have  taken  up  1  part  ol 
linsocd-oil,  any  g^reat^jr  quantity  remains  undiwHolvcd  and  forms  a  milky 
lifiuid  on  agitation.  10  parts  of  common  sa!t  mixed  with  any  quantity 
of  water  greater  than  27  pt8.  wilJ  form  a  clear  Holution ;  but  if  conimoa 
salt  be  added  by  small  {xirtions  at  a  time  to  27  part«  of  water,  the  firsts 
10  jits,  will  dinsiflve  com|)leteIy,  but  any  further  quantity  will  remaim 
undisnolved.  Similar  ri'latiouK  are  exhiliited  by  water,  alcj^hoL  and  ether 
towarda  many  Baits  and  other  ftolid  bodies,  and  likewise  towanis  g^ases. 
Water  and  ether  ag-itated  together  in  equiU  quantities  8ei>arate  when  left 
at  rest  into  two  layers ;  the  lower  consists  uf  water  saturated  with  -^^^^ 
ether,  which  may  btj  replaced  by  any  quantity  of  water  whatever ;  tha< 
upi>er  is  etlier  holdidg  a  very  small  quantity  of  water  in  sulutiou,  and 
miseible  with  ether  in  all  prop<jrtious. 

In  most  of  these  cases,  the  point  of  saturation  varies  with  the  temper 
rature  and  external  pressure.  Most  solid  bodies  dissolve  more  abundantly 
in  tiuids  the  more  the  tempjerature  is  raised,  probably  on  account  o| 
diminished  cohesion  ;  but  as  exceptions  to  this  law,  we  find  that  lime  and 
some  i>f  its  sails  dissulve  more  abundantly  in  ei»ld  than  in  wann  waterj, 
and  10  ]>t«.  of  c«inun<jn  salt  saturate  27  of  water  at  all  tenipieraturea. 
Under  increased  pressure,  liquids  will  dissolve  larger  (luantities  of  gaseoua. 
bodies;  moreover  Perkins  tound  (^l;***.  Ch,  P/ii/s.  23,  410,  also  ,Sc/«ir.  3J„ 
3«il)  that  a  milky  mixture  of  ulcol)f>l  with  a  larger  ijuantity  of  bergamoi 
oil  than  it  can  dissolve  at  the  ordinary  pressure  of  the  air,  became 
jK'rfectly  liiupid  from  solution  of  the  oil  midcr  a  pressure  of  1100  atmu- 
spheres.  M 

c.  Two  bodies  combine  m  one  or  a  small  nvmber  only  of  de/imte  proportitm^^ 
suhferJ  to  no  variiUion  from  temperature  or  outward  pruanrt,  ■ 

This  law,  the  most  important  of  all,  holds  good  in  all  cases  in  wliicfafl 
the  more  [M)werful  allinities  are  ooucerned.  It  implies  a  mutual  saturatioiil 
of  A  with  B,  and  B  with  A.  1 

a.  The  two  iKKlies  A  and  B  combine  in  one  projKirtiou  only.     In  this 
case,  the  same  rebtive  ({uautities  eusuro  the  saturation  of  A  with  B,  and- 
of  B  with  A. 

Chlorine  and  hydrogen  combine  only  in  the  proportion  by  weight 
95*4  :  1;  vdnc  and  sulphur  only  as  32*2  :  IG. 

/8.  The  two  bodies  combine  in  two  deiinito  proportions  only :  A  is  sattl« 
rated  with  B  nt  one  of  these  proportions,  and  B  with  A  at  the  other. 

Six  fKirts  of  carbon  combine  with  8  pti*.  <>f  oxygtjn  to  fonn  carbonio 
oxide,  witJi  1<)  to  form  carbonic  acid;  in  carbonic  oxide,  the  oxygen 
saturated  with  carbon,  in  carbonic  acid,  the  carbon  is  saturated  with 
oxygen  ;  for  8  oxygen  will  not  take  up  more  than  6  carbon,  nor  6  carbon 
more  than  16  oxygen;  more«)ver  between  carbtmic  oxide  and  carbotui 
acid  tlu-rc  exists  no  intermediate  cxjmbination  containing  more  than  8  an< 
Ipfw  than  IG  uf  oxygen  unitc<l  with  6  of  carb<jn.  It  is  true  that  carboai< 
oxide  ntid  ('arlN>nir  n(nd  giuH'S  may  be  mixe<l  in  any  proi>ortion  whatever^ 
and  thus  a  gas  «ibtiuued  in  which  6  parts  of  carl)on  are  present  in  ctn  i 
t^th  nxire  tiiati  H  and  less  than  16  of  oxygen:  but  this  is  no  < 
C<inqx>uiid,  but  a  mor««  mixture  of  gJiNj-s,  fmui  which  potash  will  runuva 
the  carlMinic  m'id  and  leave  the  farb«jnic  oxide  Ixthind.  Similarly,  36*4 
chlorine  with  I01'4  moTCUry  form  con-osive  sublimate,  and  with  202*8 
m<n'ury  they  form  caloEnel :  a  substance,  which  for  every  33 '4  pts.  of 
diloruju  coulaiued  more  than  lUl-4  and  less  tliau  2U2'tt  mercury,  would 
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be  a  miiture  of  corrosive  sublimate  and  calomel,  from  which  alcohol  would 
dissolve  the  fonner  and  leave  the  latter. 

7.  The  two  boflies  combine  in  3,  4,  or  5  distinct  prnj-jortiona. — In  this 
e,  the  combination  of  A  with  the  largest  quantity  of  B,  gives  one  pomt 
f  Batuntinn,  and  that  of  B  with  the  largeHt  quantity  of  A,  the  other ; 
between  these  two  points  of  saturation  are  situated  1,  2,  or  3  intermediate 
comhinaiionB.  But  here,  as  in  the  former  case,  there  is  no  gradual  tranBl- 
tioii  from  the  minimum  to  the  maxiniiun,  but  a  sudden  passage  from  one 
characteristic  combination  to  another. 

4H  inolybdenimi  with  8  oxygen  form  molybdoua  oxide,  with  16  oxygen 
molybdic  oxide,  and  with  24  ox.  molyhdic  acid.  IG  Bulphur  with  8  oxygen 
form  hypoBulphuroua  acid;  with  16  ox.  sulphurous  acid  with  20  ox.  hypo- 
sulphuric  acid;  and  witli  24  ox.  sulphuric  ucid.  14  nitroj^en  with  B  oxygen 
form  nitrous  oxide;  with  16,  nitric  oxide ;  with  24,  nitrous  acid;  with  82, 
peroxide  of  nitrogen  or  hyponilric  acid;  and  with  40  of  oxygen,  nitric 
acid.  Many  iutennediate  LumpoutulH  may  bo  regarded  as  cumbinutions 
of  two  saturated  cumpiiunds  in  dttinite  proportions.  Thus,  loa*8  lead 
form  with  8  oxygen  (the  suialtest  piseible  quantity)  the  yellow,  with  16 
oxygen  (the  greatcet)  tlie  brown  oxide  of  lead :  between  thcHo  is  found 
the  red  oxide,  which  cnntains  1U3*8  lead  with  10|  oxygen,  or  (multitilying 
by  3)  311'4  lead  with  32  oxygen,  and  may  he  regarded  as  a  cnm[Knind  of 
yellow  uxide,  2  (103*8  lead  +  8  oxygen)  and  brown  oxide  (103"8  lead  +  16 
oxygen).  Moreover,  the  red  oxide  is  decomposed  by  acetic  acid,  which 
dissolves  out  the  yellow  oxide,  leaving  the  brown.  Similarly  magnetic 
iron  ore  may  be  regarded  as  a  coniix>und  of  protoxide  and  peroxide 
of  iron. 

These  more  intimate  and  definitely  proportioned  compouuda  considered, 
tuider  c,  are  subject  to  the  twn  following  important  laws. 

First  Law,  RELATrso  to  the  same  two  bodies.  Suppose  two  bodiea 
A  and  B  to  be  capable  of  uniting  in  several  proportions ;  then  if  the 
Bmallest  quantity  of  B  wliich  can  combine  with  a  given  quantity  of  A,  be 
multiplied  either  by  1^,  or  by  1^,  or  by  2,  or  ly  2^,  or  by  3,  4,  5,  or  any 
higher  whole  number,  tfio  products  will  give  the  other  quantities  of  B, 
which  may  combine  with  the  before-mentioned  given  quantity  of  A. 
(Beizelius.)  Tbus  G  carbon  combine  with  8  and  2  .  8  oxygen  ;  IG  sulphur 
with  8,  2  .  8,  2i  .  8  and  3  .  8  oxygen  ;  14  nitrogen  with  8,  2  ,  8,  3  .  8,  4  .  8 
and  5  .  8  oxygen;  103-8  lead  with  8,  H  .  8  and  2  .  8  oxyyen.  This  law 
affords  a  check  on  the  results  of  experiment;  thus  if  experiment  had 
ijidicated  that  G  carbon  unite  with  8  oxygen  to  fnrm  carbujuc  <*xide, 
and  with  15 '5  oxygen  to  form  carbonic  acid,  it  might  have  be«'n  auapcctcd, 
since  15"5  ia  not  one  of  the  multiples  of  8  by  1\,  1|,  2,  2^  3  .  .  .  .  , 
that  the  cotnixisition  either  of  carlM.mic  oxide,  or  of  carbonic  acid,  or  of 
both,  liad  not  Iwen  correctly  detemiined  by  ex[K!riment. 

Second  Law,  relating  to  difkkhent  bodies.  From  the  proportion 
in  which  A  combines  with  B  on  the  one  hand  and  with  C  on  the  otiier,  may 
likewise  be  calculated  the  proportion  in  which  coinbi  nation  may  take  place 
between  B  and  C.  If,  for  example,  ex()erunent  shows  that  1  jmrt  of  A 
combines  with  3  parts  of  B  and  with  H  parts  <>f  0,  then  B  and  C  nrust 
combine  either  hi  the  proportion  of  3  B  to  8  (J,  or  in  some  other  profxu-- 
tion  in  which  the  3  B  are  multiplied  by  one  of  the  following  numbers,  1|, 
1^,  2,  2^,  1,  3,  4,  5,  &c.,  or  the  8  0  by  *uic  of  the  same  uumb«.»r.s,  or  the  3  B 
iby  one  and  the  8  C  by  another  number  of  the  same  series.  The  same  law 
holds  gofxl  m  the  case  of  any  number  of  hollies,  so  that  If  I A  will 
combine  with  3B,  8€,  lOD,  12Ef  &c.,  theu  B  will  combine  with  C>  D  au4 
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E  either  m  the  proiwrtion  of  3  :  8,  3:10,  8 :  12,  or  else  in  proportions 
obtuinod  by  multiplying  one  or  each  of  these  numbers  by  some  factor 
taken  from  the  alxn-e-mentioned  scries.  Takinf:;'  sulphur  for  the  body 
denoted  by  A,  we  find  that  IG  Bulphur  with  1U3-8  lead  form  sulphide  of 
load  ;  with  24  oxyg'cn,  sulphuric  acid ;  with  1  hydrog-en,  hydr<iHidphuric 
acid;  with  3  carlxm,  bisulphide  of  eurboii ;  and  with  ISMJ  iron,  iroii- 
pyrites.  Now  103"8  lead  combine,  nut  with  24  oxygen,  but  with  a  oxygen 
to  form  yellow  oxide  of  lead;  tfie  liKi'H  lead  must  therefore  be  innlti|iUe<i 
by  3  to  give  the  proportion  in  which  lead  unil  oxygen  are  combined 
in  the  yellow  oxide.  Oxygen  and  hydnigen  combine,  not  in  the  ratio  of 
24  :  1,  but  of  8  ;  1  or  24  :  3  ;  tlie  1  hydrogen  nmst  therefore  be  multiplied 
by  3. — 24  oxygen  combine,  not  witli  3  carbon,  but  with  18  carbon  in  car- 
bonic oxide :  the  3  carbon  has  therefore  to  be  multiplied  by  G. — 24  oxygen 
combine,  not  with  13'6,  but  witli  81"6  iron  to  form  protoxide  of  iron,  the 
latter  number  being  equal  to  f>  timea  13'6. 

From  these  two  laws  it  follows  tliat  to  every  simple  substance  there 
belongH  a  certain  rulative  weight,  according  to  which  it  combineB  with 
given  relative  weights  of  other  simple  substances,  only  that  in  many  cased 
tliis  relative  weight  requires  to  be  multi[ilied  by  some  number  of  the  series 
already  mcntioiu'd.  This  detcnuijiatii  relative  weight  of  a  liody  is  by 
those  who  admit  the  atomic  theory,  exiled  the  Atouiic  Weufht;  by  those, 
on  the  other  hand,  who  eitlier  reject  tliis  theory  altogether,  or  regard  it  as 
not  sufficiently  establisheil, — the  Comhining  Waijht,  Chemical  Weitjht,  CUt- 
mical  Erptii^nUnt,  Cvmhininfj  ProfHirtion,  Eifuivtilent  Pivfiortion,  or  Etfuindetit 
Number^  Stoichioinetrical  Propnrtion  or  Stoichiomefrical  Number. 

The  origin  of  these  two  laws  is  most  satisfactorily  explained  by  the 
atomic  theory  (which  we  nhall  hereafter  develop  more  completely),  accord- 
ing to  whicii,  every  sirnplir  sulwtanc/c  amsists  of  very  small  invisible  par- 
tides  called  atotru,  these  atoms  being  of  uniform  weight  and  volume  in 
each  individual  substance,  wliile  the  atoms  of  different  substances  may 
be  of  different  weight  and  volume.  It  is  aHrtumed  that  in  chtunical  com- 
biimtion,  the  heterogeneous  atoms  lay  themselves  close  together,  and  so 
form  compound  atomg,  which,  when  collected  into  a  mass,  constitute  tho 
new  Cf)miK:)Und  ;  further,  that  the  atoms  have  a  tendency  to  unite  in  simple 
Btunerical  proj^rtions :  «.  g.,  1  atom  of  A  with  1,  2,  3,  or  more  atoms 
of  B;  ctr  2  aton»8  of  A  with  3  or  5  atoms  of  B,  or  3  atoms  of  A  with  4 
•toms  of  H.  It  is  only  iu  organic  compounds  that  more  complex  prt>pur- 
tkuis  occur. 

If  we  now  examine  the  preceding  examples  according  to  this  view, 
we  may  assume  that  the  absolute  weight  of  an  atom  of  carbon  is  tu 
that  of  an  alum  of  oxygen  =  G  :  8,  and  tliat  1  At.  carbon  combines 
eitlier  with  1  At.  oxygen  to  form  carlH>nic  oxide,  or  with  2  At.  oxygoa 
to  form  carbonic  acid.  It  w^ill  then  follow  that  in  airbonic  oxide  eveiy 
6  iMirtH  by  weight  of  carlion  are  combined  with  8  |>art8  of  oxygen, 
ami  in  tnirwmic  aciil,  every  (J  parts  of  carfxjn  with  IG  of  t»xygen- — \V^c 
may  also  with  great  probability  assume  tluit  the  atomic  weight  of  sulphur 
if  twioe  as  high  as  that  of  oxygen,  and  therefore  =  It!,  if  that  of  oxygen 
be  taken  =  8.  Siiux*  now,  according  to  experiment,  lit  parts  of  sulphur 
can  eombinu  with  H,  IG,  20  or  24  parts  of  oxygen,  it  follows  that  1  At. 
sulphur  oinibineH  wiUi  1,  2,  2|  and  3  At.  oxygen;  and  since  half 
atoms  are  iiuidmissible,  the  combination  cjf  IG  sulphur  with  20  oxygen 
(ss  32  :  40)  may  be  regarded  as  consisting  of  2  At.  sulphur  ocnnbinod 
vitli  5  At.  oxygi-n.— If  the  atomic  weight  of  nitrogen  be  taken  equal 
10  Jl4,.it  will  bo  found  tliat  1  At.  uttrogoaoin  combine  with  1^  3,  D,  4  or 


STOTCIIIOMETRY.  48 

At.  oxygen. — The  atomic  weigLt  of  lead  bciug  assumed  equal  td  103-8, 
the  yellow  oxide  of  lead  must  hv  supptvhed  to  eoutuiu  1  At.  lead  with 
1  At.  oxygen,  the  brown  oxide  1  lead  with  2-«xyg«u,  and  the  red  oxide 

3  lead  with  4  oxygen.  Thus  it  is  explained  why  the  smallest  quantity  of  B 
with  which  A  will  eombhie,  must  he  nmltiplied  by  1^,  IJ,  2,  2  j,  3,  4,  and 
other  whole  numbers,  to  had  the  utlier  propctrtioim.  For  1  At.  of  A  takes 
up  sumetimes  1,  sometimes  2^  Bometinies  more  atoms  of  li,  and  hence  the 
augmeutation  proceeds  aoconling  to  whole  numbers:  or  2  At.  of  A  uuite 
with  3  or  5  of  B;  hence  ariiseB  niultijilicatiou  by  1^  or  2f ;  or  3  At.  A. 
with  4  At.  B,  whence  multiplication  by  1^. 

With  respect  to  the  second  law,  we  have  the  foliowiug.  If  ex]>eriment 
shows  that  1  part  of  A  coiiibinea  with  3  parts  of  B,  aud  with  8  (Kirts  of  C, 
then  on  the  supposition  that  in  these  aiMi]K>uriris  1  At.  of  A  exists  in  coa- 
noction  with  1  At.  of  B,  and  with  1  At.  of  C,  it  folluws  that  the  atomic 
weight*  of  A,  R  C,  ^  1  :  3  :  H ;  since,  however,  in  these  comhuiations, 
1  At.  of  A  may  be  combined  with  2,  3,  4,  or  any  greater  uumber  uf  atoms 
of  B  or  C,  or  2  At.  of  A  with  3  or  5  At.  of  B  or  CI,   or  3  At.  uf  A  with 

4  At-  of  B  or  C,  &c.,  &,c.  i  or  finally,  since  B  and  C  must  not  Ik;  sujiposed 
always  to  combine  in  equal  uumbers  of  atoms, — it  will  uften  be  ueceesary, 
ill  determining  the  equivalent  numbers  aceorduig  to  whicli  B  and  €  com- 
bine, to  multiply  the  3  parts  of  B  or  the  8  parts  of  C,  or  buth  of  them,  by 
one  of  the  numbers  in  the  series  1^,  1^,  2,  2^,  3,  i,  b 

Atomic  Weiohts  of  Simple  Substances. 

Of  the  atimliite  weu/ht  of  atoms  we  can  know  nothing,  excepting  that 
they  must  Ik;  extremely  small.  It  is  niily  tlie  relative  weight  of  the 
atoms  of  different  bodies  that  c^in  be  tletcrmined  with  any  degree  of  pro- 
babiHty  from  the  projxjrtiouB  by  weight  according  to  wliich  the  bodies 
Combine.  This  relative  aiomic  weight  may  be  discovered  by  assuming 
arbitrarily  a  ftarticular  uumber  to  rejjresent  the  atomic  weight  of  any  one 
Bubetauce,  and  then  determining  the  atomic  weights  of  the  other  bodies 
according  to  the  proixjrtions  by  -weight  in  which  they  combing,  S<»me 
chemists,  following  Dalton,  put  the  atomic  weight  of  hydrogen,  because 
it  is  the  smallest,  =  1  ;  but  the  greater  number  agree  with  Berzelius  in 
assimiiiig  oxygen  =  KM).  The  former  method  is  to  be  preferred,  because 
it  gives  simpler  numbers  and  thereby  favours  the  retention  of  them  in  the 
metuorj'  and  facilitates  ealculaticm.  The  atomic  weights  of  matiy  other 
bodies  apijear  to  be  simple  nudtiplesof  that  of  hydrogen,  and  consequently 
when  hydrogeu  is  taken  =  1,  they  are  represented  by  whole  nuud)er»; 
e.  g.,  carbon  6,  oxygcti  H,  nitrogen  M,  sulphur  1(!,  &,c.  Tliese  nund^era 
likewise  contain  one  digit  Sesa  than  the  others:  thus  oxygen  8  instead  of 
100,  carbon  C  instead  (if  7.5,  nitrogen  14  instead  of  175,  sidjihur  l(i, 
instead  of  2(,H>,  &c.  This  Hirrqjlicit^',  moreover,  obtains  |>articidarly  with 
regard  to  those  substances  of  which  the  innumerable  orgiinic  compjunds 
are  formed.  In  favour  of  the  other  method  it  is  indeed  advanced  tJmt 
oxygen  is  of  alt  the  elementary  lx>die8  that  which  fonas  the  widest  range 
of  wmifjounds,  and  consequently  that  calculation  must  1:h3  facilitated 
when  that  element  is  exj>reB8ed  by  such  round  numbers  as  100,  200,  300, 
400,  500,  &c. ;  but  the  numbers  8,  IC,  24,  32,  40,  are  more  quickly 
w^ritten,  and  encundier  the  adilition  ho  much  the  less  as  the  other 
elements  of  the  compumd  are  at  the  same  time  expressed  by  simpler 
numbers.  Moreover,  hydrogen  occurs  in  a  great  number  of  inorganic  com— 
pounds,  es^jecially  in.  the  form  of.  water;   and  in  orgaiuc  compouuds  iU 
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occurs  more  frequently,  and  in  greater  numbers  of  atoms  than  oxygen,  so 
thttt  it  makes  a  very  ga'at  differenco  in  the  calculation  whether  this  sul 
stance  is  denoted  by  1  or  by  12"50. 

The  atomic  weight  of  one  body  being  arbitrarily  fixed,  e,  g.,   that 
hydrogen  =  1,  the  atomic  weights  of  other  bodk-s  are  found  as  follows  :■ 
1(.K)   parts  of  water  contain,  acc<»rihiig  to  exf)crimc.ut,    11  •111   hydrogen 
and  88'889  oxygen.     If  now  it  be  assmned  as  most  probublu  tliat  in  water 
every  atom  of  hydrogen  w  in  combination  with  1  atom  of  oxygen,  the; 
the  weight   of  1   At,  hydrogen   must   be   to   that  of  1    At.   oxygen 
11-1 11  :  88-889  =   1:8.     If  100   grains  of  water  contain  x  aUjma 
hydrogen,  and  therefore  (accnnling  to  the  hyp<*thcsia  that  in  water  evci 
1  At.  hydrogen  is  combined  with  1  At.  oxygen)  abjo  x  At.  oxygen,  the 
tr  At.  hydn^tgen  must  weigh  ll'lll  grains,    and  x  At.    oxygen   d8"88l 
grains  :  if  then  the  weight  of  x  At.  hydrogt-n  ia  to  that  of  x  At.  oxygei 
=  IMll  :  88*889,  then  like  wise  the  weight  of  1  At.  hydrogen  must 
to  tliat  of   1  At  oxygen  =  11111  :  88-889  =  1:8.     100  [>arta  of  sul- 
phuretted  hydrogen  contain    5-3   parts  (jf  hydrogen   and  9-1-1   jiarts   ot 
sulphur;  if  now  we  assiune  that  tliis  compound  contjunsoijual  niimbers  of 
atoms   of  hydrogen  and  sulphur,  we   have  tlie   proptirtiun,  .'i-9  :  1)4-1 
1  :  16,  or  the  atomic  weight  of   sulphur  is   16   if   tliat  of  hydrogen 
assumed  =  1.     Further,  on  examining  the  relation  of  sulphur  to  oxygon 
we  find  that  100  [larts  of  sul|ihurou8  acid  contain  .'iO  of  sulphur  and  50 
of  oxygen;  and  liH)  parts  of  Hulphurie  acid,  40  sulphur  and  (SO  oxygen. 
Now   60  :  50  =  It!  :  Hi,    and   40  :  60  =  16  :  24 ;    and   since   the   atomio! 
weight   of  sulphur  is    10,   that  of  oxygen  8,  we   may  oificlude   that  in 
BulpliurouB  add  1  At.  sulphur  =  16  is  combined  with  2  At.  oxygen  =: 
16,  and  in  sulphuric  acid  with  3  At.  oxygen  =  24.     Since  cai-bomc  oxide 
contains  6  parts  of  Ciubt>u  ct>inbinLd  with  8  oxygen,  and  carb«)uic  acid 
6  carbon  with  16  oxygen,  we  estimate  the  atom  *jf  carbon  at  6,  and  sup- 
pose that  in  carbonic  oxide  it  ia  coniinned  with  1,  and  in  caibonic  acid 
with  2  atoms  of  oxygen.     Sulphide  of  carbon  contitins  6  i>art«  of  c:ir)Hm 
united  with    32  sulphur:    therefore   I  At.   carbon   with   2  At.   sulphor. 
SimilarlY.  the   atomic  weight   of  nitrogen   is  estimated   at   14,    bcvuuso 
14  part? of  nitrogen  combine  with  8,   IG,  24,  32,  and  40  parts  oxygon: 
ooDsequently  1  At.  nitrogen,  with  1,  2,  3,  4,  and  5  At.  oxygen.    In  ammonia 
14  pl^ts  of  nitrogen  are  combuied  with  3  of  hydrogen,  tlierefore  1  At. 
nitrogen  with  3  At.  iiydrogon.     Suice  in  yellow  oxide  of  lead  (nuuHioot) 
103"8  lead  are  combined  with  oxygen,  the  atomic  weight  of  leawl  may  be 
estimated  at  103*8;  according  to  this,  galena,  which  is  couipnsi'd  of  lead 
and  sulphur  in  the  proportion  of  103*8:  16,   must  be  regarded  as  con- 
taining eaual  numbers  of  atoms  of  its  elements.     Thus  then,  the  atomic 
weight  of   hydrogen  being  assumed  =  1,  the  following  atomic  weights 
have  lK*ea  determine*!:  oxygen  8,  sidphur  16,  carlxju   6,   nitrogen    14, 
load  103-8;  and  in  a  precisely  similar  manner,  the  atomic  weights  of  the 
other  elements  ore  calculated. 

If  on  the  other  hand,  the  atomic  weight  of  oxygen  be  assixrood 
=:  1(10,  the  numbers  just  found  will  be  altered  as  follows  :  sinco  8  :  1  :  t 
UK) :  12*5,  the  atomic  weight  of  hydrogen,  wliich  was  1  in  the  former 
Hystt^m,  will  in  the  present  bo  12-.5.  Similarly  we  shall  find  that  the 
atomic  weight  of  sulphur  is  (8:16  =  100  :  x)  =  200:  of  carbun  (8  :  6  = 
100  :  ,r)  =  75 :  of  mtrogtju  (8  :  14  =  100  :  x)  =  175  ;  and  of  lead  (8  : 
103*8  —  10«>:x)  =  1297*5.  Generally,  the  atomic  weights  obtained  by 
•Mooting  that  of  liydrogi^n  =  1  must  bo  multiplied  by  100  and  divi<k<d 
by  8(  in  order  to  Gnd  the  oorrestwuding  atouiic  weights  on  the  suppoei* 
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of  1  At.  oxygen  =  100.  Conversely,  the  latter  ntomic  weights  aro 
reduced  to  the  former  liy  multiplyinff  by  8  and  dividing  by  100.  However 
the  atomic  weights  obtained  on  the  latter  sxipposition  may  differ  from 
those  resulting  from  the  former,  it  is  evident  that  the  ratio  of  the  niunbera 
remains  the  same ;  and,  aince  all  thi:  magnitudes  ai-e  relative,  tins  diJTer- 
eacc  of  the  atomic  weight  is  only  apparent. 

Anatlior  less  obviouH  cause  of  difference  in  the  determiuatiou  of  atomic 
■weights  is  as  follows.  Just  as  the  atomic  tlu-orj'  itself  iTsts  only  on  a 
probable  hypothesis,  so  likewise  the  assumption  that  certain  comjxjunds 
contain  equal,  others  mietjual  nmnbers  of  heterogeneous  atoms  must  bo 
regarded  as  merely  probable.  For  example,  it  cannot  be  proved  that  in 
■water  everj'  atom  of  hydrogen  is  united  with  exactly  one  atom  of  oxygen  ; 
there  may  be  2  or  more  atoms  of  hydrogen  combined  with  each  atom  of 
oxygen,  or  one  atom  of  hydrogen  with  2  or  more  atonis  nf  oxygen— and 
eimitarly  with  reganl  to  all  other  compounds.  The  hyfvothesis  of  Davy, 
WoUaston,  and  VV.  I Ienr\',  that  water  contains  equal  numbers  of  atoms 
of  oxygon  and  hydrogen  has  been  assumed  above  as  the  more  probable  : 
but  the  majority  of  chemists  agree  with  Berzelins  in  8upi>osing  tlmt  it 
contains  2  atoms  of  hydrogen  for  each  atotn  of  oxygen.  On  this  sup- 
position, 1  At,  oxygen  will  be  not  8  but  IG  times  as  hea\7  as  1  At. 
hydrogen,  so  that  if  the  atomic  weight  of  hydrogen  =  1,  that  of  oxygen 
:=  16;  and  if  the  atomic  weight  of  oxygen  ^z  100,  that  of  hydrogen 
=  G-25 :  for  according  to  this  view,  1  At.  oxygen  =  10  combines  with 
2  At.  hydrogen  =  2  . 1  =  2 ;  or  1  At.  oxygen  =  KtO  combim'B  with  2  At. 
hydrogen  =  2.6*25  =  IS-fi,  This  view  rests  chiefly  on  the  law  laid 
down  by  Berzelins,  viz.,  that  simple  substances  in  the  ffasoma  ffal€  contmn 
equal  numbers  of  atonts  in  equal  volumes.  Since  then,  in  llu^  formation  of 
water,  2  volumes  of  hydrogen  combine  with  1  vohnne  of  oxygen,  and 
Bince  according  to  the  law  just  stated,  2  vol.  hydrogen  contain  twice  as 
many  atoms  as  1  vol.  oxygen,  it  follows  that  in  water  everj-  2  At. 
hydrogen  must  be  combined  with  1  At.  oxygen.  If  1  cubic  inch  of 
hydrogen  gas  contains  x  At.  hydrogen,  then  according  to  this  law,  1  cub, 
in.  oxygen  gas  will  contain  x  At.  oxygen ;  according  to  this,  the  atomic 
'  "Weights  of  the  2  bodies  will  be  to  one  another  as  the  specitic  gravities  of 
I  tlie  gases ;  for  between  ar  atoms  of  the  two  gaseous  bodies  tliere  must 
exist  the  same  jtroiwrtion  by  weight  as  between  1  atom  of  eat:h  of  them. 
I  The  Bjx-cific  gravity  of  oxygen  gas  is  16  times  as  great  as  that  of  hydrogen, 
I  and  therefore,  according  to  this  view,  the  atomic  weight  of  oxygen  must 
[be  16  times  as  great  as  that  of  hydrogen;  and  in  water  1  At.  oxygen 
Er  IG  is  combined  with  2  At.  hydrogen  =  2.1  =  2;  or  1  At.  oxygen 
8  with  2  At.  hydrogen  =  2  .  |  =  1  if  the  atom  of  oxygen  be  represented 
["by  8  and  that  of  hydrogen  by  \, 

In  accordance  with  this  law,  Berzelins  reckons  the  atomic  weights  of 
1  nitrogen,  iodine,  bromine,  chh>riue,  and  tluorine  at  only  half  the  valtie 
■which  from  other  considerations  they  aj»|jear  to  have.  If  the  specific 
^avity  of  hydrogen  gas  =  1,  that  of  oxygen  is  IC,  of  nitrogen  14,  of 
jodine-vapour  126,  of  bromine-vaixiur  78'4 ;  of  chlorine-gas  36*4  ;  hence, 
according  to  Berzelins  the  atomic  weight  of  oxvgen  is  to  those  of  these 
bodies  =  16  :  14  :  126  :  78-4  r  35-4  or  =  8  :  7  :'gS  :  39-2  :  17-7.  In  the 
case  of  fluorine,  whose  specific  gravity  hi  the  gaseous  state  is  not  yet 
known,  Berzelius  has  in  the  same  manner,  on  account  of  its  analogy  with 
chlorine,  reduced  the  atomic  weight  to  one-half  of  that  usually  gi\en. 

Against  this  it  must  be  alleged,  (1)  tliat  "vrc  are  by  no  means  com- 
pelled to  admit  the  above  law,  which,  on  the  contrary,  is  in  direct  oppo- 
fiition  to  the  results  of  experiments  ;  and  (2j  tliat  it  obliges  us  to  admit 
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the  existence  of  atoms  Bmallpr  than  those  which  occur  in  any  known 
compound,  or  than  in  consistent  with  the  manner  in  which  tht-y  replace 
each  other  in  difi'oront  componndK, — and  leads  to  the  use  of  combining 
numbers  much  larg-or  than  is  necessary. 

1.  According  to  tlie  ati>niic  thei>ry,  every  gas  consists  of  ponderable 
atoms  surroiindeil  by  sj^heivs  of  heat.  If  now  it  be  admitted  that  these 
heat-spheres  have  the  same  volimic  (external  pressure  and  temperataro 
boinp  equal)  in  all  ponderable  sulwitances,  then  it  will  fullow  that  all  gases 
roust  c^tntain  equal  numbers  of  atoms  in  equal  vnlumes.  But  that  soob  a 
supposition  is  by  no  means  necessary  i.s  seen  at  once  from  this, — that,  with 
re8|)ect  to  compwund  (^ises,  the  law  in  question  is  sometimes  true,  8(»mo- 
times  false.  Thus  I  volume  of  hytlrogfji  gas  and  1  vohime  of  chlorino 
gas  fom)  2  volumes  of  hydrochloric  acid  gas.  If  rinw  we  suppose  x  to  be 
the  number  of  atoms  in  each  volmne  of  the  simple  gases,  then  by  the 
conciurenc*  of  all  the  individual  atoms  of  hydrogen  with  all  the  individual 
atoms  of  chloritie,  there  will  have  lieon  formed  x  atoms  of  hydrochloric 
acid,  and  these  fill  up  the  space  of  2  measures :  consequently  the  two 
measures  of  hydrochloric  acid  gas  contain  the  same  number  oidy  fif  ntotns 
fks  1  measure  of  hydivtgen  gtia  or  1  measure  of  chlorine  gas :  1  atomjl^ 
LydnK-hkiric  at^d  nnist  therefore  be  surrounded  by  a  heat-sphere  twioi^^f 
large  as  that  whioh  surrounds  1  atom  of  chlorine  or  1  atom  of  hydrngen. 
This  exampk'  (many  otlieTs  will  afterwards  apj^war)  shows  that  the  abore 
law  is  not  appUcabfe  to  compound  gases  ;  indetnt  it  was  never  applied  tn 
them.  We  see  also  from  the  same  example  that  thr^re  is  no  necessity  for 
admitting  that  the  atoms  of  all  simple  substances  in  the  gaseous  stat«  arc 
surrounded  by  calorillc  i<t>velo{)e«  or  heat-spheres  of  the  same  mugiiitude; 
but  just  as  in  com]xnind  Iwidics  these  envelopes  are  of  difTerent  magnitudet 
bearing  simple  relations  to  one  another,  so  likewise  may  it  be  the  caM 
with  simple  substances ;  and  we  may  therefore  sup[K)se  that  the  heat- 
spheres  which  surround  an  atom  of  hydrogen,  nitrogen,  iodine,  bromine, 
or  chlorine  in  the  gaseous  state  are  twice  as  large  as  those  of  oxygen, 
so  that  2  mea8vu"es  of  their  gases  will  contain  just  the  same  nnni[>er  of 
atoms  a»  1  measure  of  oxygen  gas.  Finally,  that  this  difference  of 
inagnitude  in  the  heat-spheres  must  be  admitted  even  with  regard  to 
siiu|ile  8ul)»tances,  and  consequently  that  the  above  law,  with  all  the  con- 
sequences deduced  from  it  respecting  the  atomic  numlKTs,  must  be  aban- 
doned, is  shown  by  the  detemiinatitm  of  the  specific  gravities  of  mercury 
and  sulphur  vapours.  The  atomic  weight  of  mercury  is  usually  givfo 
=  101*4  (oxygen  =  8)  and  it  is  assumed  that  the  red  oxide  contains  1, 
and  the  gney  tixide  2  atoms  of  metal  combined  with  1  atom  of  oxygen: 
Imt  accoitling  to  Dumas,  thesp.  gr.  of  mercury  vapour  is  a  little  more  than 
6  times  tlint  of  oxygen  gas:  acoirding  to  this,  the  atomic  weight  of  mer- 
cury should  bo  =  60*7  (oxygen  =  8),  and  the  red  oxiile  of  mercury 
should  cjtjntain  2  and  the  grey  oxitle  4  atoms  of  metal  for  every  atxjm  of 
oxygni, — which  lai»t  pn>porti<>n  is  highly  improbable.  Again  the  atoniic 
weight  of  sulphur  is  universally  admitted  to  bo  double  that  of  oxygen  j 
aooordtng  to  Uie  al>ove  law  then,  the  specific  gravity  of  sulphur-vapoar 
ahould  be  twice  as  great  as  that  of  oxvgcn  gas ;  but  the  direct  experi- 
ments nf  Dumas  and  Mitm^herlich  .show  that  it  is  ft  times  as  great*.  It  is 
out  of  the  auestion  to  MUp]H>He,  merely  for  this  reanon,  that  the  atomio 
wi'ight  of  sulphur  i«  fi  times  that  of  oxygen,  viz.  48,  when  oxygen  =:  8: 
the   resulting  p  in  wouhl  l»e  contmrj*  \n  all  analogy.     On  this 

BOOount,  notwiii  j  tlie  greut  density  of  8ul]>hur  vap<jur,  the  atomio 


*Biiie«u,  ani)  more   recenlljr  Devllle  •»<) 
■hown  liut  it  ia  raallj  tvko  m  gnsU 


Frooat  (Ann.  Phann.  ezliii  44),  bay* 
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[■weipLt  of  siilpliiir  is  Btil!  tiiiivorsally  ndmttted  to  ho.  dnithln  tliat  of 
oxyffcn  ;  but  in  order  to  explain  tliiH  dt'parttin*  rroni  the  law,  it  is  assumed 
by  the  adherents  of  that  law  that  eTLceptiona  to  it  arc  nmre  likply  to  oc5c«r 
in  vapourfi  (tiaii  in  the  more  pennaneut  gases,  and  that  sulphur  in  the 
Btate  of  a  heavy  vapour  is  pcrhapR  in  a  peculiar  isomeric  condition  (for  the 
changes  wliich  sulpinir  undergoes  when  heated,  Bee  Amoi-phmn^  [>.  102,)  and 
that,  if  we  could  convert  it  into  vapour  without  bringing  it  into  thia 
peculiar  conditi(*n  hy  heating,  it  would  probably  yield  u  lighter  va{X)ur. 
To  this  it  may  be  repheil  that  the  difference  between  vaf>ourB  and  gasea  is 
one,  not  of  kind  hut  only  of  degree,  and  the  law,  if  true,  rauat  b?  equally 
applicable  to  bf)th ;  moref»%'er  that  if  the  peculiar  isomeric  condition  of 
Bulphiir  ill  the  state  of  vapour  be  adnvitted,  we  may  expect  that  oxygen 
in  the  state  of  g}iH  will  \x:  in  a  simitar  isomeric  eomiition,  and  will  there- 
fore yield  a  gas  twice  as  much  con<lensed  as  that  obtained  from  the 
greater  uuniber  of  elementary  bodies.  lu  short,  the  same  miknown  causes 
by  virtue  of  which  1  %'obune  of  sulphur  vaprmr  contains  fJ  times  and  1 
volume  of  hydrochloric  acid  gas  only  half  as  many  atoms  as  1  volume  of 
hydrogen  gas,  nitrogen  gas,  ifcc,  may  also  effect  that  1  volume  of  oxygen 
gas  contains  twice  as  many  atoms, 

2.  There  is  no  com[>i"nuid  containing  but  one  atom  of  hydrogen,  nitro- 
gen, &.C.,  as  smail  as  that  adopted  by  Berzelius  ;  neither  does  any  known 
comfxtund  contain  3,  5,  7,  &c.,  but  always  2,  4,  fi,  8,  lic.  of  such  atoms. 
Thie  makes  the  existence  of  such  small  atoms  imprr>bable  and  their  adop- 
tion sujxtIIuous  and  troublesome.  According  tru  Berzeltus,  if  the  atomic 
weight  of  oxygen  =  8,  that  of  hydrogen  must  =  4,  of  nitrogen  =  7,  of 
iodine  =  63,  of  bromine  ^  39*2,  of  chlorine  =  17*7,  and  of  fluorine 
=::  9*37.  But  39'2  pota.ssium,  whicii  tinile  with  8  oxygen,  also  unite  with 
2  .  fiS  iodine,  2  .  39-2  bromine,  2  ,  1 7*7  chlorine,  and  i  ,  9-37  fluorine.  Hence 
2  atoms  of  these  bodies  are  reijuired  to  replace  1  atom  of  oxygen  in 
combination  with  potassium;  or  2  atoms  of  these  b^wlies  are  the  etfuivciknt 
of  1  atom  of  oxygen.  If  the  atoms  be  supposed  twice  as  great,  the  idea 
of  an  atom  will  c<;)iiicide  with  that  of  an  eijuivalent,  and  all  confusion  will 
be  avoided.  According  to  BorzeUu.'t's  view,  however,  tliese  terms  must 
often  be  distinguished  one  from  the  other.  These  considerations  have 
led  BeraeliuB  to  introduce  the  notion  of  double  atom«.    A  double  atom  of 

[lydrogen,  nitmgcn,  iodine,  bromine,  chlorine,  and  fluorine  cfmoj^ponds  in 

fhis  system  to  a  single  atom  of  these  bodiea  as  they  are  considered  in  this 

iwork. 

[For  the  reasons  favourable  to  Berzelius's  view  founded  on  the  specific 

\  Leat  of  the  elementary  bodies,  see  the  chapter  on  Heat.] 

In  the  determination  of  atomic  weights,  the  following  principles  are 
highly  useful  as  guides  : 

1.  Let  it  be  granted  that  heterogeneous  Bubstancoa  combine  in  the 
simplest  i:)Osfiible  numerical  jjrojjortions,  and  let  their  weights  be  deter- 

'  mined  accordingly. — Thus,  liydrogeii  Ijeing  assumed  =  1,  and  therefore 
oxygen  =  8,  tlie  most  suitable  nuujber  that  can  be  given  to  sulphur  is  li): 
for  1  At.  sulphur  will  tlien  combine  with  1  At.  hj'drogen  to  form  fiul- 
phiiretted  hydrogen;  with  1  At.  oxygen  to  form  hyposulphurous  add; 
with  2  atoms  to  form  sulphurous,  and  with  3  to  fonn  sulphuric  acid,  &c. 
If  theatomicjweight  of  sulphur  were  ntade  =  48,  according  to  the  specific 

fravity  of  its  va|Kjiir,  tlien,  instead  of  the  preceding  relations,  we  sliould, 
ave  1  At.  sulphur  combined  with  3  hydrogen,  and  1  At.  sulpliui-  with  3, 
!  €,  and  9  oxygen. 

2.  Let  no  atonuc  weights  be  admitted  smaller  than  those    which 
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actnally  occur  in  com1>ination8.  This  principle  is  introduced  with  cspcdal 
reforeiicc  to  the  atnniic  weig^lits  of  liydro^r^-n,  nilrngxsn,  itMiinr,  bromine, 
chlorine,  and  flimrinc,  ailojitcd  l»y  Borzelius,  but  it  is  likewise  of  use  with 
regard  to  phosphorus,  arsenic,  and  antimony. 

3.  As  a  gener.ll  ni!e,  tlie  total  weight  of  the  atnniB  composing  an  acid 
must  be  of  such  amount  that  the  compntind  atfini  may  just  Huffice  for  the 
saturatinn  of  one  atom  of  a  Halifiable  base. — ThuB.  16  Bulphur  and  3.8 
oxygen  form  40  Knl|»hurie  acid,  ami  103*8  lead  with  8  oxygen  form  111 '8 
oxide  of  lead:  now  40  sulphuric  acid  just  satisfy  111 '8  oxide  of  lead.  If 
Bidphur,  oti  account  of  the  apecific  gravity  of  its  vapour,  were  made  =  48, 
these  48  parts  of  Biilphiir  witii  72  of  oxygen  would  form  12'0  sulphuric 
acid,  and  the.se  would  saturate  3.  111*H  parts,  therefore  3  atoms  of  oxide 
of  load.  To  this  rule  there  are,  however,  ct^rtaiu  unmistakeable  excep- 
tions, which  render  it  necessary  to  admit,  not  only  monobasic  acids,  1 
atom  of  which  naturates  1  atom  of  a  base,  but  also  bibasic,  trifnisiCf  and 
perliajis  even  quoilrohasic  and  quintobasic  acids,  1  atom  of  which  eaturatca 
2,  3,  or  more  atoms  of  a  base. 

4.  When  a  metal  o<">inbine8  with  oxygon  in  one  proportiou  only,  to 
form  a  Haliiiablc  base,  it  is  assumed,  fiup|>osing  that  the  laws  of  Isomor-J 
jibism  do  not.  opp<-ise  the  assumption,  that  the  compound  contains  eqi 
Bumbers  of  atoms  of  the  metal  and  of  oxygen. — Potash  crjntains  1  A< 
pitAHsium  comliined  with  1  At.  oxygen :  yellow  oxide  of  lead,  1  At.  k 
•with  1  At.  oxygen.     \Mien  a  metal  forms  a  number  of  salifiable  base 
■with  different  pro[Kjrtion;H  of  oxygen,  the  oxide  which  forma  the  strongest' 
base  is  to  be  regarded  as  coritaining  the  metal  and  oxygen  in  equal  num* 
bers  of  atoms.     The  protoxide  of  iron  is  a  stronger  base  than  the  peroxide. 
Now  since  in  the  former,  H  parts  of  oxygen  are  cr^mbined  with  27'2 
iron,  the  atomic  weight  of  iron,  on  the  supposition  that  this  oxide  contAlnl 
equal  numbers  of  atoms  of  the  metal  and  oxygen,  =  27'2  :  in  the  poroxidel 
2 ,  27*2  iron  aro  cond)ined  with  3 . 8  oxygen,  or  2  At.  iron  with  3  Ku{ 
oxygen.     If  the  peroxide  were  supposed  to  contain  e«][ual  numWrs 
atomR  of  iron  and  oxygen,  the  atomic  weight  of  iron  would  bo  IW"!,  and 
the  protoxide  would  contain  3  At.  iron  with  2  At.  oxygen.     Agiiin,  tl 
rod  oxide  of  mercury  is  a  stronger  base  than  tlie  grey  oxide.     In  the  rcd^ 

ide,  8  parts  of  oxygen  are  combined  with  KH-4  of  mercury;    in  the 
gToy  oxide,  8  oxygen  with  202*8  mercury.    Accordingly,  the  atomic  weightpa 
of    mercury    must    be   estimated    at    101*4,    the    red  oxide  containinj 
1  Au  mercury,  and  the  grey  oxide  2  At.  mercury  combined  with  1  At 

ygon.     The  case  is  precisely  similar  with  the  black  and  rod  oxides 
copper,  excepting  that  the  atomic  weight  of  clipper  is  of  different  amount 
viz.,  =  31 '8.     With  the  two  oxides  of  tin,  the  case  is  reversed,  the  lowc 
itxide  (."iO  tin  -f  8  oxygen)  Iwing  the  stronger,  and  the  higher  oxide  (69^ 
tin  4-  1  fi  oxygen)  the  weaker  base. 

ft.  Tl  is  tiUPjioBed  that  substances  which  closely  resemble  one  another 
In  physioal  and  chemical  projMi'rties,  conrbine  with  a  third  body,  according 
to  tho  iame  nimiber  of  atoms.      If  nickel  oumbines  with  oxygen  in  thoj^ 
pro^M^rtion  of  1  :  1  and  2  :  3  At.,   this  must  also  be  the  case  with  cobalt^^^ 
which  t»oarR  so  very  closely  an  analogy  to  nickel. 

0.  Uiimoqtbism  (7.  v.)  is  of  the  greatest  importance  in  the  dctcrmina^ 
I        tion  of  atomic  constitution  and  atomic  weights.     If  in  a  crystalliztMl  com- J 
pound   one  substance  can  be  replaced  by  another  analogous  substance,  I 
I        vrithont  alteration  of  orystaUino  form,  it  is  to  l>e  supposed  that  this  sub«j 
\       Btitntion  takes  place  according  to  e^jual  numbers  of  atoms.     If  then  thei 
HBIm  two  oompoonds  of  the  Bamo  crystalline  form,  and  containing  in 
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fiTPprcts  the  same  clcmcntH,  acx'^rilitif,'  to  the  aamo  numlM'rx  of  atoms, 
excepting'  tSiat  orio  contains  the  flubstancc  A,  tlic  otliur  the  suhHtuncc  B, 
(iiul  theii'  arc  gToimds  for  tuijijiosing  that  tin;  foj-nicf  contitins  1  At.  A,  or 
2  At.  A,  &r. ;  tlicn  also  niUKt  it  he  !t<hiiit(«Ml  l!i:it  the  other  cnrnjiontu!  cori- 
taias  1  At.  B,  or  2  At.  H,  &c.  There  heiuj^  init  oneoimiKiund  of  iiliiruiimni 
aiul  oxyfj^on,  viz.,  ahimina,  tliis  coriijM»und  nrinht  tic  supiKJsed  to  contain  1 
At.  nictnl  +  1  At,  oxygen  ;  but  ahiniina  crystallizes  in  sapf)hijc  in  acute 
rhomttolie^h-ons.  just  like  those  of  |«?roxide  of  ijYju  in  epccular  ii-on  ore  and 
of  artiiicially  prepared  oxide  cvf  chroiniiim.  These  hist-iijenti«iiuHl  oxirk'S 
ccimbiucd  with  .Hnl[iluiric  acid,  p^jtash  and  water  also  form  repilar  octolie- 
drons,  JHSt  as  alumina  does  in  coininou  alum  :  all  thci^e  salts  contain  4  At. 
eulfihurie  acid,  1  At.  potash,  and  24  At.  water.  Alumina  in  then  isomor- 
phnius  with  these  oxides,  and  must  therefore  l>c  made  up  of  the  8anio 
numhcr  of  atoms.  Since  then,  according  to  Principle  4,  jxToxide  of  iroa 
is  supposed  to  cfmtain  2  At.  lUetid  +  3  At.  oxyjren,  the  »ame  iiiUHt  like- 
wine  Im?  the  case  witli  alumina.  Now  100  parts  of  alumina  contain  53'31 
aluminum  and  46-G9  oxygen;  and  4G'(J9  :  fwl-ai  =  24  :  27*4  :  hence  with 
24  (3  At.)  oxygvn  there  are  combined  27*4  (2  At.)  aluminum  ;  ami  1  At. 
aluminum  =  13*7.  Again,  fjcroxide  of  tin  in  tin-stone  crystallines  ai  the 
same  form  as  oxide  of  titaniiini  ui  rutile;  and  Ki;ice,  according'  to  Prin- 
ciple 4,  it  waB  asHTmied  as  probable  that  peroxide  of  tin  coiitains  1  At. 
tbi  with  2  At.  oxyg-cn,  this  relation  must  also  be  supposed  to  hold  gcx^d 
with  regard  to  oxide  of  titaniinn:.  Black  oxide  of  Coi)f>cr  fonns  corn- 
pounds  isoinorphons  with  the  analog'ous  comjHtunds  of  ma/^esia,  oxide  of 
zinc^  and  protoxide  of  iron,  al!  of  which  arc  su[ij>oHed  to  enntaiji  1  At. 
metal  with  1  At.  oxygen  ;  such  then  mu.st  also  l>e  the  case  with  the  black 
oxide  of  copjx^r,  a  conclasion  agreeing^  with  that  arrived  at  in  4.  Further 
development  of  these  relations  will  be  found  under  the  head  of  humorjtfiiitm. 

For  the  detonniriatioa  of  the  atomic  weights  of  siaii>le  substanecH  from 
their  s[«5citic  heats,  vid.  Ifcat. 

The  folhiwiiif^  tahle  of  the  atomic  weights  of  the  eleraentary  bodies  is 
founded  almost  wholly  on  the  analyses  of  their  comjw>uiids  performeil  by 
Berzelius,  a  laliour  as  dillictdt  as  it  was  extensive,  by  which  lierzelins  has 
conferred  an  everlasting  obligation  on  chemical  scienco. 

Column  A  contains  the  names  of  the  simple  sul)stancoB  ;  B  the  symbols 
introduced  by  Beraelius  to  denote  tliem ;  C  and  D  the  atomic  weights, 
those,  namely,  whicl)  most  probably  tieloTig  to  the  several  bodiiis  acconling 
to  the  principles  just  devcloiMjd ;  column  C,  in  which  the  atomic  weight 
of  hj-drogen  i=  1,  is  that  which  will  l»e  used  in  preference  ui  this  work} 
in  D  the  atomic  weight  of  oxygen  ^  100.  The  columns  E  and  F  contain 
the  atomic  weights  according  to  Rerzelins  ;  in  E  the  atomic  weight  of 
hydrogen  ia  assumed  =  O-r*,  that  of  a  double  atcuji  of  hydrogen  =  1  ;  iu 
F  the  atomic  w<"ight  of  oxygen  is  put  ^  100.  The  imndK'rsi  of  this  last 
cohimn  are  those  which  are  adopted  by  the  tnajority  of  chcmiflts  after  (he 
example  of  Uerzelius.  The  atomic  weights  of  lanthanum,  ceriimi,  and 
didymiym  arc  given  according  to  the  determuiations  of  Marigtiac  {Ana, 
Pharm.  68,212  ;  71,306). 
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Atomic  Weights  of  the  Elementary  Bodies. 


Oxygen 

Hydrogen . . . 

C^irboD 

BoroQ    

FhofphoroB  . 
Sulphur  ■  •  ■ 
Selenium  .  • . 

Iodine    

Bromine  . . . 
Chlorine  . . . 
Fluorine  . . . 
Nitrogen  . . . 
Potassium . . . 

Sodium 

Lithium    . .  ■ 

Barium 

Strontium.. . 
Calcium  . . . 
Magnesium  . 
Lanthanum  . 

Cerium 

Didymium 
Yttrium    . . . 
Erbium 
Terbium 
Glucinum  . . . 
Aluminum    . 
Thorium    . . . 
Zirconium . . . 
Silicium    . . . 
Titanium  . . . 
Tantalum  . . . 
Niobium 
Tungsten  . . . 
Molybdenum 
Vanadium. . . 
Chromium. . , 
Uranium    . . . 
Manganese    . 

Arsenic 

Antimony . . . 
Tellurium . . . 
Bi'muth    . . . 

Zinc   

Cadmium  . . . 

Tin 

Ticad 

Iron    

CoUlt   

Nickel   

Copper 

Mercury    . . . 

SilTcr 

Gold 

Platinum  . . . 
Palladium . . . 
Bhodium  . . . 

Iridium 

Osmium  . . . 
Ruthenium   . 


B 


0 

H 

C 

B 

P 

S 

Se 

I 

Br 

CI 

P 

N 

E 

Na 

L 

Ba 

Sr 

Ca 

Ce 
Di 
Y 


0 
Al 
Th 
Zr 

Si 
Ti 
Ta 

Mo 

V 

Cr 

U 

Mn 

As 

Sb 

Te 

Bf 

Zn 

Cd 

St 

Pb 

Fe 

Co 

Ni 

Cu 

Hg 

Ag 

An 

Pt 

Pd 

R 

Ir 

Os 

En 


8 

1 

6 
10-8 
81 '4 
10 
40 
126 
78-4 
85-4 
18-7 
14 

89-2 
23-2 

6-4 
68  6 
44 

20-6 
12-7 
46 
46 
48 
82-2 


17-7 
18-7 
59-6 
22-4 
14-8 
24-5 
185 

95 

48 

68-6 

28  1 

217 

27-6 

75-2 

129 

64 

106-4 
32-2 
55-8 
59 

103-8 
27-2 
29-6 
29-6 
31  8 

101 

IDS' 

199 
98 
58' 
62  1 
98-7 
99-6 
61-7 


100 

12-6 

76 
136 
892-6 
200 
600 
1676 
980 
442-6 
283-76 
176 
490 
290 

80 
867-6 
650 

266  -26 
158  -76 
67« 
676 
600 
402-6 


221  -26 

171  -26 

746 

280 

186 

806  -25 

2312-6 

1187-6 

600 

867-6 

351  25 
2712 -6 

345 

940 
1612-6 

800 
1880 

402-6 

697-6 

737  6 
1297  -5 

340 

370 

370 

897 
1J67 
1351 
2487  -6 
1288  -76 

667  5 

651  25 
1283 -75 
1246 

646  -35 


5 
-6 

•26 


8 

0 

6 

10 

15 

16 

39 

63 

39 

17 

9 

7 

39 

23 

6 

68 

43 

20 

12 


-01 
-60 
•18 
-91 
■72 

12 
-63 
•28 

20 
-74 

87 
•09 

26 

81 
-44 

66 
-86 
-52 
•69 


82  ^e 


26 
18 
69 
88 
22 
24 
92 

94 

47 
68 
28 

217 
27 
87 
64 
64 
71 
82 
55 
58 

108 
27 
29 
29 
81 

101 

108 
99 
98 
53 
52 
98 
99 


100- 
6  -2898 

78-44 
136  20 
196-14 
201  17 
494  -68 
789 -76 
489  IS 
221-88 
116-90 

88-52 
489  98 
290-90 

80-88 
866*88 
647  29 
256  -02 
168-86 


402  -61 


881  -28 
171  17 
744-90 
420  20 
277  81 
303  -68 
1168-72 

1188  00 

698-52 

856-89 

351  -82 

2711-86 

346 -89 

470-04 

806  45 

801 -76 

886-98 

408  28 

696  77 

785  29 

1294  60 

889  81 

868-99 

869-68 

895  71 

1266  -82 

1851  -61 

1248  01 

1238  60 

665 -90 

651 -89 

1233  -60 

1844-49 
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Tlie  diHcrepancu'S  l>etween  tijc  rmiHliers  in  C  D  und  those  in  E  F  are 
explained  by  the  foUnwiuff  considfratiuim.  In  (J  D  i(  ia  supposed  that  the 
atnmio  weight  of  nxygen  is  exactly  ^  times  that  of  hyiirogeu,  while  in 
E  F  its  value  is  8-01  times  (or  moitj  accurately  M-00M3  tuue*t)  that  ui  the 
double  atom  of  hytlro^'eii ;  also  in  <_'  D  the  tVaelionH  of  the  other  numbers 
are  Rhortened  as  much  as  posHit)]e.  In  E  F  the  atomic  weightH  of  hy- 
drogen, iodine,  bromine,  chlorine,  fluorine,  and  nttrojjreti  arc,  for  reasons 
above  mentioned,  reduced  one-half.  In  C  D,  accordin^;^  to  Principle  2,  the 
atomic  weights  of  phospliorus,  arsenic,  and  aulunony  an;  doubled ;  accord- 
ing to  C  D,  the  phosplioric,  arsenic,  and  uutinionic  acids  contain  5  At. 
oxygen  for  every  atom  of  phnsjihorns  or  metid  ;  according  to  E  F,  theso 
acidu  contain  2  At.  phosphorus  or  metal  for  every  ."i  At.  ifxyfTcu.  In  C  D 
it  is  aiipjmaed  tliat  giucina  and  zircoaia  contain  1  At.  glitciumn  or  zirco- 
nium with  1  At.  oxygen:  in  E  F  the^'  contain  2  At.  nieta!  to  3  At. 
oxygicn.  In  C  D  it  is  assumed  that  eilica  contains  I  At.  eilicium  com- 
bined with  2  At.  oxygen :  in  E  F,  1  At.  metal  with  3  At.  oxygen.  Ia 
C  D  it  is  asstuned,  as  was  formerly  huppoaed  by  BerzeUus,  and  is  now 
regartled  hy  him  as  admisKltile,  that  oxide  of  bismuth  contains  3  At. 
oxygen  to  every  2  At.  metal  :  in  E  F  it  is  sujifKised  to  contain  1  At. 
oxygen  +  1  At.  metid  • 

On  com|iaring  with  one  anotLer  the  numbers  in  column  C,  wc  obtain 
the  following  results. 

1.  The  atomic  weights  of  the  other  wimple  subatanccB  are  in  many 
inslauccH  exact  ttiultiplfs  of  (hut  of  hydrogen,  f.  g,,  carbon,  oxygen, 
nitrogen,  euljihur,  selouinni,  strontium,  molybdenuraj  &c.  Is  it  then  a  law 
of  nature,  as  Proul  and  Thomson  sujjjxise,  that  the  atomic  weights  of  all 
the  elements  are  di\'ifiible  by  that  of  hydrngpir?  If  we  can  entertain  the 
notion  that  there  is  but  one  priniaiy  ponderable  matter,  we  miast  suppose 
tliat  body  to  be  hydrogen,  sinw  hydrogen  has  the  smallest  atoms  :  and  it 
must  further  be  svipjtosed  that  when  these  atoms  nnite  in  different 
nmnbcrs  in  such  a  manner  that  they  are  not  separable  by  any  method 
yet  discovered,  they  produce  the  larger  and  heavier  atoms  of  the  other 
bodies,  wlio»e  atomic  weights  are  then  necessarily  divisible  by  that  of 
hydrogen.  But  the  atomic  weights  of  moat  bodies  exliihit  deviations  from 
this  law  of  such  magnitude,  that  Berzetius  regards  the  occasional  near 
divisibility  of  these  weights  by  that  of  Lydrogea  as  merely  accidental  ; 
indeed,  actrj:jrding  to  him,  tliey  are  never  exnrtfy  divisible,  as  may  be  seen 
by  inspection  of  cobimns  E,  F.  Neveilbelesy  the  later  experiments  of 
Dumas  and  Stas  {Ann.  Chim.  JVii/s.  7fi,  1),  whidi  give  the  atftmic  weight 
of  carbon  exactly  =  6,  and  those  of  Liebig  and  Redlenbacher  (..'Inn. 
Pharm.  38,  113),  which  make  it  =  6'08S,  sboiv  that  the  question  is  not 
yet  decided, 

2.  The  elements  may  be  arranged  in  groups,  the  members  of  wlu'ch 
exhibit  similar  physical  and  chemical  relati<jns.  AVhethcr  as  Dobereincr 
supposes  {Pnrfff^  l.'i,  301),  hucIi  gntups  necessarily  consist  of  3  elements 
arranged  in  a  triad,  is  a  question  which  we  shall  not  undertake  to  tlecide. 
The  atomic  weights  of  such  corres[>ouding  elements  usually  bear  a 
simple  relation  to  each  other ;  s«>metimes  they  are  nearly  equal,  some- 
times exact  multiples  one  of  another,  or  at  all  evcnta  increasing  in  some 
simple  ]iroportion.  The  following  are  similar  to  one  another  and  have 
nearly  equal  atomic  weights:  chromium  28*1,  manganese  27*6,  and  ircu 
27'2  ;  cobalt  20-(>  and  nickel  29-(;;  zinc  32*2,  copi»er  31'8;  platinum 
t>8'7,  iridium  Oft- 7,  and  osmium  DtJ-fi.  The  atomic  weights  of  'jxyi^auy 
sulphur,  Beleuium,  tellurium,  and  antimony  are  8,  10,  40,  64,  129,  tiicre- 
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furo  as  1  :  2  :  5  :  8  :  1 6.  Tlic  atomic  weights  of  fluorine,  chlorine,  bro- 
mine, iui<i  iodine  arc  18-7,  35*4,  78*1,  and  126,  which  are  nearly  ua. 
2:4:9:  14.     Again,  half  the  swru  of  the  atomic  weights  of  chlorine  and 

iodine  gives  nearly  that  of  bromine,    ■      -^ — —  =  80*7,  and  we  find 

that  l>roti]ine  in  all  iis  physiciil  and  chcniioa)  relations  Imlds  the  middle 
jihice   Ix'tiveeii   chlorine   and   iodine.     The   atomic   weights   of   lithium, 

G-4  +  39-2 


Bodium,  and  putasBium  are  6'4,  23"2,  and  3{>'2  ;  and 


2 


=   22-8 


the  atomic  weight  of  sodium  is  therefore  almost  exactly  the  mean  be- 
tween tliOBc  of  lithiimi  and  potasRium,  just  as  sodium  in  other  respects 
holdH  the  middle  place  b"tween  lithiimi  and  potassium.  The  at^^mio 
weights  of  magneshnri,  r^lduio,  strontimn,  and  barium,  arc  12'7,  20*5, 
44,  and  C8'G  ;  therefore  nearly  ns  3  :  .'i  ;  11  :  17  :  in  this  instAnce  also 
by  adding  the  atomic  weights  of  barium  and  odcium,  and  dividing  by 
2,  wo  get  nearly  the  atoviic  weight  of  stroiitiuin,  an  element  which  in 
all   its   other  relations    is    intermediate   between    barium   and  calcium; 

~ =  44-55.      The    atomic    weight    of    lanthanum    is    nearly 


S  times  that  of  magnesium.  The  atomic  freights  of  siliciMin,  zirconiimi, 
and  thorium  are  14*8,  22*4,  .'3!),  which  =  2:3:8  nearly.  Those  of  tita- 
nium, niiilybdemim,  tuiigHten.  and  tantalum  are  24'.").  48,  95,  18.>  ^ 
1:2:4:8  nearly.  The  atomic  weight  of  manganese  is  27-6,  of  uranium 
217,  which  =1:8  nearly.  That  of  chromium  is  28-1,  of  vanadiutti  i;8"6, 
nearly  =  2  :  5.  That  of  phns|iboru8  31-4  +  that  r.f  arsenic  75*2  gives 
10<)'G,  nearly  that  of  bismuth  lUG-4.  That  *A  puUadium  is  53-4,  of  silver 
108*1,  nearly  =  1:2.  Even  if  some  of  these  relatione  should  Ik*  atxa- 
dcntal,  and  disappear  when  the  atomic  weights  are  determined  with 
greater  prt^cision,  it  may,  on  the  other  hand,  be  expected  that  the  greater 
number  of  them  will,  in  such  case,  come  out  with  mathematical  exact- 
ness. 

Rklahoks  bbtween  the  Atomic  WBioirTS  or  Simple  Scbstakces 
ANT>  TnF.re  Specific  GKAvrrres. 

The  greater  (he  nunilK'i  of  atoms  of  a  body  in  a  given  space,  and  the 
greater  the  weight  of  those  atoms,  the  greater  must  t>e  the  specific  gravity 
of  the  body,  hence  the  sjweilic  gravity  is  the  jiriMliict  of  the  atomic 
nunil-KT  aiiu  the  att^inic  weight ;  and  the  speeitic  gravity  divided  by  Uir 
atomic  weight  gives  the  Atomic  nurnlter,  that  is  to  say.  tfif  number  of  iitimu 
m  n  yiint  ivi/mj/m-.  With  bodies  which  contain  eijiial  niunUi'rs  of  utoou 
in  equal  voloiues,  the  specific  gravity  must  vary  as  the  atomic  weight,  ~ 


1.  In  ElaMtc  Fluids, 


The   atftmic  weight   of   elastic   fluids,  whether  permanent   gsaea  of 
Ipouni.  beiin*  u  tiiinplc  ielatioii  to  their  specific  gravity,  that  of  air  =  I, 
ind  pK  111  lempe.Alnre  lieing  constant.     The  foil" iwing  table  mn- 

tains  n   .A  tne   names   of   certain   elements,  in  H  their   attiinic 

weight.s.  lu  C  till'  KjMX'ific  gravities  of  their  gases,  ui  D  their  atomic  uiun- 
Itcn*  obtained  by  dividing  the  8p«cific  gravity  by  the  atomic  weight ;  K  gives 
tlu'  reduced  atomic  iiumlwr  olHained  nn  the  supposition  that  1  volume  (»f 
byiirogi^ii  giiM  uuitains  1  atom  t)f  hvtlrogen,  the  numlK-rs  in  this  cxdtunti 
being  thvqnotienta  obtaluod  by  dividing  the  several  numbers  in  colmuu  D 
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le  atomic  number  of  hydrogen  =  0-n6'l3.  The  last  column  F  g-ives 
flpeeitic  g-ravitk.'8  of  the  gases,  that  of  hydroj^eu  =  1,  by  which  the 
simftio  relatiui)  betwectt  tho  ejK-cific  gravity  and  the  atomic  weight  Iwcoiuea 
Btiil  rQore  appareut. 


A 

B 

Atomic 
weight 

C 

Sp.  gr, 
Air  =   I, 

D 

Atomic 
number. 

Reduced 
Atomic 
number. 

F 

Sp.  gr. 
Hydrogen 

gaa  =  1. 

Sulphur 

16 

SI  4 

75  2 

6 

1 

126 
78-4 
354 
14 

101-4 

6-9000 

4-4200 

10-6000 

1-1093 

oooaa 
8-71  ao 

55400 
2-4643 
0-9706 
6-97S0 

0-4312 
01408 
0-1423 
0-1388 
0-0693 
0-0(J9! 
0  fl709 
0-0693 
0  0093 
0-0688 

Q 

an 

Pbo6phoni8    

Ananic 

2                 62-3 
2               1  An  i 

Oxvifen 

2 

16 

Hydro^a 

1 

Iodine 

128 

Bromine 

78"4 

Chlorine 

S&'4 

N  ttrogen    

14 

Mereury , 

101-4 

According  to  tliis  table,  elementary  l>i:>die8  in  the  gaseous  state  contain 
in  a  given  volume  eitluM-  1  .  ./;  or  2  .  .c  or  6  .  jc  atouis.  Heuoe  they  may 
be  diviried  into  the  followiug  classes : 

a.  Ifexatomic  (jas.     Sulpliur. 

b.  Diatomic  gases.     Fhospliorus,  arsenic,  oxygen. 

c.  Monatomic  gases.  Hydrogen,  iodine,  bromine,  chlorine,  nitrogen, 
noercury. 

In  compound  elastic  fluids,  we  also  meet  with  -f,  |,  \,  and  ^atomic 
gases. 

Wlien  a  body  assumes  the  gaseous  state,  its  atoms  Injcome  sur- 
rounded with  heat-spheres,  wliose  volumes  are  as  1  (in  the  6-atomic 
gases);  3  (in  the  2-atitmic  gases);  6  (in  the  1 -atomic  gases);  9  (in  the 
|.-atomic  gaaes) ;  12  (in  the  ^-atomic  gases) ;  18  (iu  tbe  ^atomic  gases)  ; 
24  (in  the  ^atomiej;  gases).  Hence  tlie  niagtiitmie  of  the  ga.*i-si(here8 
increases  in  the  simple  proportion  of  1  :  3  :  6  : !) :  12  :  18  :  24.  Tho  smaller 
the  gas-spheres  of  any  substance,  the  greater  will  be  the  number  of  liicm 
contained  in  a  given  spaei",  e.  g.,  of  the  gas-spheree  of  sulphur  6  times  aa 
many  as  of  the  gas-spheres  of  hydrogen,  which  are  6  times  as  large.  The 
cause  of  the  different  magnitude  of  the  caloritic  envelopes  in  different  sub- 
Btancos  is  not  known. 

The  last  cobium  of  the  table,  in   which  the  sp,  gr.  of  hydrogen  =  1, 

shows  that  in  all  monLilomic  gases,  the  specific  gravity  and  atomic  weight 

,  otitncitle,  because  the  sp,  gr.  of  hydrogen   which  belongs  to  this  class  is 

[assumed  =  1  ;  also  that  the  sp.   gr.  of  the  2-atomic  gases  is  twice,  and 

lat  c»f  the  Ij-atomic  gaRes,  <i  times  as  great  as  the  atomic  weight. 

In  order  to  bring  together  two  gaseous  bo<L'e.'3  in  equal  numbers  of 

itomw,  cijual  volumes  of  the  gases  must  be  taken  if  (he  gases  belong  to 

he  same  cliss ;  liut  if  one  of  them  contains  more  atons  than  thi;  other  in 

le  same  volume,  then  a  larger  volume  of  the  latter  must  be  taken  than 

>f  the   former  ;    e.  //.,  equal    measures   of  hydrogen  and  chlorine  gases, 

jcause  lj<ith  are  monatomie:  on  tlu(  eontrary,  2  ineuBures  of  hydrogen  and 

of  oxygen,  because  the  (inst  is  mnnatomie  and  the  second  2-atomie  ;  simi- 

irly,  G  measures  of  hydrogen  gas  and  1  of  sulphur- vapour,  because  the 

former  ia  monatomic  and  the  latter  6-atomic,  &c.,  &c.     If  it  were  rcquii-ed 
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to  mix  1  atom  of  one  gas  with  2,  3,  4,  or  a  greater  uumber  of  atoras  of 
llic  othtT,  or  2  with  3,  then  in  the  case  of  gasce  of  the  same  class,  it 
would  be  necessary  to  mix  them  in  the  correspondiijg  proportions  by 
volume  1  :  2,  3,  4  .  .  .  .  ,  or  2  :  3  as  tlie  case  might  be :  if  the  ^^ascft 
■were  of  different  classes,  the  volwue  of  that  gaa  whidi  contained  the 
smaller  number  uf  atoms  would  require  to  ixi  multiplied  by  a  correspond- 
ing fnctw.  T!ni8  1  At.  Bulphur  +  2  At.  oxygen  form  sulphurous  acid; 
but  since  fiulphur-vapour  coutaitis  3  timeH  as  many  atoms  a«  oxygen  gae^ 
1  volume  of  Biilphur-va[H»ur  will  rctpiire  3  . 2  =  (J  volumes  of  oxygen  gaH. 
It  a[)]K'arH  from  this  that  all  ounliiiiations  of  gaseous  bodies  take  place 
according  to  simple  proportions  by  volmne  ;  the  projxirtions  actually 
observed  are  iw  followH:  1  :  1,  1  :  2,  1  :  3,  I  :  4  (nitrogen  and  hydrogen 
in  mmmnnium) ;  1  :  6,  1  :  D  (sulphur  vapour  and  oxygon  gas  in  sulphuric 
acid);  2  :  3  (nitrogen  and  oxygen  in  nitrous  acid);  2  :  5  (nitrogen  and 
oxygen  in  uitric  aci<l) ;  2  :  7  (ehtorine  and  oxygen  in  hy|)erclili>nc  add); 
and  3  :  4  (oxygen  and  nitric  oxide  gascK  to  form  nitric  acid).  The  cases 
not  here  specified  will  lie  found  in  the  table,  page  67. 

Ahiiost  all  boilii's  niity  be  brought  into  the  gaseous  state  by  elevation 
of  temfK^rature,  and  there  can  lie  uo  doubt  that  those  in  which  this  ciiangc 
has  not  yet  been  effected,  merely  require  a  liigher  tempeniture  than  we 
have  yet  been  able  to  produce, — and  tliat  these  more  refractory  bodies 
would,  when  in  the  gsu*eon8  state,  exhibil  the  same  simple  relationa  of 
specific  gravity  and  atomic  weight  as  the  more  volatile,  lleiiee  we  ano 
able  to  form  a  firohable  rslimate  of  the  siM-cilic  gravity,  which  wmild 
belong  in  tlie  gaseous  state,  even  to  those  Iwdies  which  either  have  not 
been  brought  into  that  state  at  all,  or  require  so  high  a  temjjeniturc  to 
flnblime  them  as  to  render  it  hnpossilile  to  determine  the  sjR'citic  graxity 
of  their  vaptiurs.  For  example,  carlKUiic  oxide  consists  of  (5  ftarts  (1  Al.) 
of  t-arboii  and  8  jmi'ts  (1  At.)  of  oxygcii ;  carbonic  acid  of  f>  )iarts  of  carl>ou 
and  l(j  parts  (2  -\t.)  of  oxygen.  If  now  we  iussuum'.  as  is  most  prc>bablc% 
that  carbon  vapt»ur,  like  hydrogen  gas,  belongs  to  the  class  of  monatomic 
gases,  and  accordingly  that  carliouic  oxide  gajj  contains  2  nteasurcR,  and 
carbonic  acid  1  measuR^  of  carbon  vapour  combined  with  one  measure  of 
oxygen  gas,  then  the  sp.  gr.  of  oxygen  gas  will  bi-  to  that  of  carbon 
vafKJur  =]():(}=  1*1093  :  0-41(»;  that  is  to  say, — if  at  a  temperature 
and  pressure  at  which  carNm  can  exist  in  a  state  of  vapour,  1  vol.  of  air 
weighs  rtM.10,  then  at  the  same  temjxjrature  and  jiresaure,  I  vol.  of  oxygen 
gas  will  Weigh  l*loyy,  and  1  v«>l,  of  carlwrn  vajK.)ur  tV416.  If,  on  the  other 
hand,  we  bu|i|)(isc  that  carbon  vafiour  is  like  oxygen,  a  2-aUmiic  grw,  then 
carbonic  oxide,  which  coritains  f(]uai  numbers  of  atimis  of  the  two  bodies^ 
muwt  also  cojitain  equal  volimies,  and  in  carbonic  acid  there  will  be  2  voL 
of  oxygen  comWtied  with  1  vol.  of  carlH>n  vaj^itnu" ;  on  this  hypo 
we  have,  k|i.  gr.  of  oxygen  g«« :  sp.  gr.  of  c^irbon  vaiKjiu-  =.8:6 
M0U3  :  0'«32. 

2.  In  SoliiLi  <iml  LujuhU. 

In  tfacae  states  of  matter,  simple  relations  Irctween  speoifx:  gravitj 
and  atomic  weight  are  for  many  reasons  less  fri'qiieiit.  The  larger  the 
atoniK  of  n,  ImkIv,  'he  fewer  of  them  will  there  In*  required  to  till  a  given 
spaixs  unlesK  lb"  iuter^'als  an*  diminished  in  the  same  pri»[i(U'tion.  Dif* 
frrence  of  cf>hesion  proilu<*»  different  degrees  of  approximation  in  Uio 
atoms,  an«i  tlien-by  oanses  the  magnitude  of  the  intervals  to  \Tiry. 
Moreover,  the  iiil«ir\'uls  may  vary  in  width  in  the  same  substance :  thus, 
a  nrotal  cooled  after  melting  is  lighter  than  the  aame  metal  after  it  baa 
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been  hammered.  Finally,  one  bodv  expands  more  by  heat  than  another. 
All  these  disturbing  causes,  which  prevent  the  existence  of  any  exact 
relation  between  atomic  weight  and  specific  gravity,  are  absent  in  gaseous 
bodies  :  in  these  the  size  of  the  atoms  is  so  small  in  comparison  with  that 
of  the  heat-spheres,  that  it  need  not  be  taken  into  consideration ;  more- 
over, cohesion  is  in  gases  completely  overcome,  and  they  all  expand 
equally  with  equal  increments  of  heat. 

The  following  table  is  arranged  in  the  same  manner  as  the  last.— 
Column  A  :  the  simple  substances  taken  in  order  according  as  their  atomic 
numbers  for  the  same  volume  diminish.  Column  B  :  their  atomic  weights. 
Column  C :  their  specific  gravities  in  the  Uquid  or  solid  state,  that  of  water 
=1'000;  in  the  case  of  the  metals,  the  specific  gravities  are  those  which  they 
possess  after  fusion  and  solidification,  not  after  hammering.  Column  D :  the 
quotient  obtained  by  dividing  the  specific  gravity  by  the  atomic  weight, 
that  is  to  say,  the  atomic  number.  Column  E  :  the  quotients  in  column  D 
multiplied  by  770  (air  being  770  times  lighter  than  water)  in  order  to 
render  the  atomic  numbers  of  this  table  comparable  with  those  of  the 
former,  in  which  the  specific  gravity  of  air  was  assumed  =  1*000.  Colunm  F : 
the  atomic  numbers  of  column  E  divided  by  0*0693 ;  the  column  F  of  the 
present  table  is  thus  made  to  harmonize  vdth  column  E  of  the  preceding : 
it  gives  the  number  of  atoms  of  a  liquid  or  solid  body  contained  in  a  space 
which  would  include  1  atom  of  hydrogen.  Column  6:  the  numbers 
taken  from  column  F  of  the  former  table,  and  giving  the  reduced  atomic 
number  of  a  body  in  the  gaseous  state,  1  volume  of  hydrogen  gas  being 
supposed  to  contain  1  atom  of  hydrogen. 


A 

B 

0 

D 

B 

F 

0 

Atomic 

Specific 

Atomic  17umber. 

In  the 

weight. 

graTity. 

Water- 1. 

Air=l. 

Reduced. 

gaseous 
state. 

Carbon 

6 

8-6000 

0-6833 

449-141 

6481 

11 

Nickel 

29-6 

8*6870 

0-2918 

224-686 

8242 

Manganese    

27-6 

8-0000 

0-2898 

228-146 

8220 

Cobalt   

29-6 

8*5884 

0-2885 

222-145 

3205 

Iron  

27-2 
81-8 

7-8439 
8-7210 

0-2883 
0-2742 

221-991 
211-134 

3208 
3046 

Copper  

Platinum 

98-7 

21-5000 

0-2178 

167-706 

2420 

Titanium 

24-6 

6-2800 

0-2156 

165-935 

2394 

Palladium 

85-4 

11*6000 

0-2158 

165-781 

2392 

Rhodium 

62*1 

11*2000 

0*2149 

165-478 

2388 

Zine 

82-2 

28-1 

6-9154 
6-9000 

0-2148 
0-2100 

165-896 
161-700 

2886 
2838 

Chromium 

Iridium 

98-7 

18*6300 

0-1887 

145-299 

2096 

Tungsten 

95-0 

17-4000 

0-1831 

140-987 

2034 

Molybdenum    .. 

48 

8*6000 

0-1792 

137-984 

1991 

Cadmium 

65-8 

8*6865 

0-1547 

119-119 

1719 

Mercury    

101-4 

18*6590 

0-1337 

102-949 

1486 

1 

Sulphur 

16 

2-0000 

0-1260 

96-250 

1388 

6 

Tin 

69 

103-8 

40 

7-2900 

11-3889 

4-3100 

01236 
0-1097 
01077 

96-172 
84-469 
82-929 

1878 
1218 
1196 

Lead 

Selenium 

Osmium.- 

99-6 

10-0000 

0-1004 

77-808 

1316 

Tellurium 

64 

6-2580 

0*0978 

75-806 

1088 

Silver 

108-1 
199 

10-4280 
19*2000 

0*0964 
0-0961 

74-218 
78*997 

1071 
1068 

Gold 
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A 

B 

C 

D 

E 

F 

O 

L 

Atomic 

Specific 

Atomic  Number. 

1 

(n  Uie 

1 

weight. 

gravity. 

Water  =  1. 

Aif  =  l. 

BcdU430d. 

glMOlU 

sUte. 

Binouth    

KW-i 

9-8220 

00922 

70-994 

1024 

Arnenic 

75-4 

5-9590 

00792 

60-984 

880 

S 

Pbosphonu   .... 

514 

1 -7.11)0 

00557 

42-889 

ei9 

2 

Anlimony 

129 

6-7010 

0-0519 

39-963 

676 

Sodiam 

232 

0-9722 

0-0419 

32-2«3 

46S 

Untoium   ...... 

217 

9-0000 

0-0*18 

31-955 

461 

Iodine    .... 

120 

4 -91  SO 

0-0.398 

80'261 

437 

1 

DromiiM    

78'4 

2-9800 

0-0380 

20-2rt0 

428 

1 

Chlorine    

36-4 

1-SS38 

0-0876 

28-952 

418 

1 

Potawlnm 

39-2 

0-8650 

0-0221 

17017 

246 

By  examining  this  table  wc  arrive  at  the  following  rcBults : — 
1.  E()iuil  vftlumea  of  different  liipiM  and  solid  Ixtdifs  contain  very 
different  uumbens  of  atoms.  If  1  cubic  inch  nf  bydio^^-cn  ^uh  contains  1  ,x 
At.  hydrojB^'n,  then  1  cub.  in.  potjissiuni  conbiirift  245  .  r  At.  r>o(aMsiiun,  and 
1  cub.  in.  diamond  64H1  .  x  At,  carljon.  Of  all  liipiid  and  solid  bodii^w,  pohi»- 
Bium  liiiM  the  MmalJest  and  carbon  tiic  greatest  (27  times  as  great)  ato^H 
nundier.  Tliij)  great  diversity  in  the  utoiuic  nurtdtera  is  f.>orhap«  toH 
explained  ;  («)  from  differona;  of  magnitude  in  the  atoms  themselves. — The 
great«'r  the  weight,  and  therefore  uIno  tijo  magciitude  of  the  atoma,  tlio 
smaller  must  Ix;  the  numl)er  of  them  which  at  eipiiil  intervals  can  lx»  diixjAtid 
in  a  given  space.  This  is  perhaps  one  of  the  causes  why  uranium  which 
hafl  HO  large  an  atomic  weight  »<liould  have  so  small  an  atomic  number  j 
whv  sodium,  whose  atomic  weight  is  not  much  more  than  half  that  o£ 
potiissimtk,  huri  an  at'imio  number  nearly  twice  as  great.  The  great 
st'<mic  numlx^r  of  carbon  may  likewise  partly  arise  from  the  smallness  of 
its  atoms.  (6.)  From  difference  in  the  force  of  attraction  (C'tdiesion) 
between  the  atoms. — The  hardest  of  all  substances,  the  diamond,  is  prc- 
cist.'ly  that  which  contains  the  greatest  numbc^r  of  ab^ms  in  a  given 
vobnne :  either  then  it«  great  ctdiesion  is  the  consequence  of  the  close 
unproximation  of  its  atoms,  or  this  close  apprtiximation  a  cotisequcnco 
oi  their  great  cohesion;  or  possibly,  the  8tn:)ng  attraction  of  the  |Mirticlea 
for  one  amHiier,  together  with  the  close  approximation  thereby  producx-^l, 
may  l>c  tlu'  ciinsi.-  of  the  great  teniM;ity  and  hardness  of  the  diamond. 
The  Mther  iMxlics  likewise  follow  nearly  in  the  order  of  their  cohesion, 
and  the  tutii  metal  {xitassium  terminates  the  series,  (c.)  From  the  dtf- 
fenMit  ailinities  of  the  atoms  for  heat. — The  strongi'r  this  affinity^  th« 
grt-ater  will  be  the  iiimntity  of  heat  collected  in  the  }K>res,  and  the  more 
wiilt-ly  thirefon.r  will  the  atoms  l»e  kejit  susunder.  A  greater  attraction 
f'  plies  alsii  a  greater  iiiclinutiiin   to  assume  the  gaseous  state. 

A  ly,    the    less   volatile    budies,    those   namely    which    have   lltd 

HUtMlUtei  uttnw'tion  for  heat,  such  iw  carlKin  and  the  moix»  refractory 
ttii'tidrt,  exhibit  larg«'r  atomic  ntjmU'rs  than  sulftliur,  .seltMiium,  iihosphf*- 
rtiN,  iodine,  bromine,  chli)rin«',  and  the  volatile  metals.  The  only  cxccp* 
tii)ri«»  to  this  rub*  an' zinc  and  the  very  refrw'torv  nietals,  umnium, 
Milver,  and  oxuiium.  In  a  similar  nianner,  as  will  afterwards  be  si 
[vid.  //«i/>,  the  sjK'cific  heat  of  iMxIies  is  greater,  f<rfrrij» /wnAi**,  in 
irtion  as  they  have  fewer  atoms  in  a  given  B[MK'e  iind  tlien*forc  greater 
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intervals  between  thorn.  Lastly,  the  tfxcoptions  just  noticed  and  others 
alwo  sliuw  that  the  three  causee  here  considered,  viz.,  the  size  of  the  atoms, 
their  cnliesion,  and  their  attractiivn  fnr  heat,  are  not  the  only  ones  by 
which  the  5it<'inic  numbers  are  affected. 

2.  Many  elements  posseBsed  of  similai-  propertiee  have  their  atomic 
numbers  nearly  equal;  e,  g„  nickel,  maiijjraneBO,  cdbult,  and  imn  (of 
which  ihiit  *tf  the  diam<ind  is  donbie) ;  phitinutn,  palhidiuiii,  and  rliiHliimr; 
titanium  and  chromium:  timn;sten  and  molybdenum;  silver  and  g'old; 
phosphorus  and  antimony  ;  iuinne,  bromine,  and  chlorine.  The  atomic 
uuiiiljerri  of  Home  substance  are  also  nini|)]e  muUiples  of  others  of  wimilar 
nature;  that  of  cnp(^>fr  is  nearly  double  thiit  of  mercuiy  :  that  of  ziiic 
double  that  of  lead;  of  arsenic  I4  times  that  of  tuitimoDy ;  of  Bodiuin 
nearly  twice  that  of  potassium. 

3.  On  comparing-  the  atumk;  numbers  i^f  one  and  the  same  substance 
in  its  gjiseoiis  (column  G)  and  in  its  liijuid  or  solid  state  (column  F),  we 
have  the  fuUowiug  results : — A  space  which  contains  1  At.  chlorine  in 
the  gaseous  state  will  hold  418  atoms  of  lii|md  chlorine;  hence  chlorine 
in  passing  from  the  liquid  to  the  gaseous  state  at  a  temperature  {f  C.  and 
a  pressure  of  0*71j  metres  (s;  30  inches)  is  expanded  lo  41H  times  its 
volume.  In  the  csise  of  bromine  the  exjuuisioti  amounts  to  422  times,  of 
iodine  437,  of  phosphorus  30;K  of  arsenic  44(>,  of  sulphur  231,  of  mercury 
1485,  and  of  carbou  (if  its  vatJ*>ur  l)e  regarded  as  a  nioriatomic  gas)  to 
C481  times  its  vi>lnme.  The  great  differences  between  tliese  numhera 
show  the  utter  groundlessness  of  the  law  which  Persoz  (C/tim,  Mtdec. 
254)  tin  night  he  had  discovered,  viz.,  that  all  s.nbstancea  both  simple 
and  conqn-umd,  in  passing  from  the  gaseous  to  the  liquid  or  solid  state, 
undergo  the  same  amount  of  condensation.  The  bjk'cUIc  gravities  calcu- 
lated according  to  this  law  appear  to  coincide  with  the  resiJts  of  obser- 
vation, only  because  I'erso?.  regarded  the  vapours  fjf  sutjihur  and  phos- 
phorus as  monatomic  gases,  and  supjx >sedthat  the  specific  gi  avity  of  sulphur 
determined  by  experiment  was  not  2  but  1*8,  taking  also  for  that  of 
arsenic  the  totally  incorrect  nunilKT  8*3  determined  by  Bergmau,  and 
long  since  rectified  hy  Lavoisier,  Guibotirt,  Karsten,  and  llerai>atli. 

4.  Since  litpiid  and  solid  bodies  rarely  contain  equal  numlHjrs  of 
atoms  m  equal  volumes,  they  exliibit  no  tendency  to  combine  in  those 
8im|ilt?  proportions  by  volume  which  invariably  hold  good  in  the  combi- 
nation of  gjises.  If,  for  example,  we  wouhl  combine  1  cub.  in.  of  sulphur 
vrith  1  cub.  in.  of  lead,  wo  should  have  to  bring  together  1388  .  x  At. 
Bulphur  ami  1218  -  x  At.  lead,  and  since  these  l>odies  combine  in  equal 
numbers  of  atoms,  there  would  reruain  170  ,  x  At,  sulplmr  imcoml  lined. 
The  differences  of  the  atomic  numbers  in  the  table  are  such  that  e\eu  by 
multiplying  ihe  vohiine  of  a.  body  by  1^,  1|,  2,  2J,  3,  4,  ikc,  uo  exact 
relations  wonld  result.  If,  moreover,  it  be  considered  that  the  same 
metal,  act;ording  as  its  density  has  or  has  not  been  increased  by  hammer- 
ing, must  have  a  different  atomic  number,  and  ngjiin  that  iliffereut  Ruii- 
Btances  when  heated  expand  in  various  degrees,  so  that  a  projiortion  by 
volume  correctly  determined  at  one  tem|)eratm-e  would  Ix;  incorrect  at 
every  other,  it  will  be  evident  that  the  endeavoiu-s  of  Mcineckc  (Chem- 
iacke  Mesjitun.it)  and  oi  Frere  de  Montizon  (Ann.  Chun.  P/ii/g.  7,  7,)  to 
discover  eim[)!e  relations  by  volume  in  the  cund>inatiotis  of  liquid  and 
sohd  bodies  must  neccs.sarily  have  led  to  no  result  whatever. 

7V/e  80-callcd  Afomic  voluin('.  It  is  inconsistent  with  the  atomic  theory 
to  suppose  thatfc  the  sfiacc  which  a  body  occupies  is  completely  filled 
by  it.     For  the  laws  of  gravitation  oblige  us  to  assign  the  eauic  specific 
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gravity  to  the  atoms  of  different  subetances,  and  consequently  to  snp- 
poec  that  the.  different  weighln  of  these  atoms  are  due  to  differeucc  of 
niag-nitude;  e.  g.,  that  au  atom  of  doubh'  weight  iiiuBt  also  bo  of  double 
volonrie.  It  foUows  from  tliin  that  the  8}>ecilie  gravities  of  different  sub- 
Btanoes  must  depend  upon  the  magnitude  of  the  spaces  existing  between 
their  atrmis.  These  atoms  must  be  regarded  as  imftenetnible  and  of 
unalterable  v<jlume,  and  the  exjmnsion  of  a  Ltody  by  heat  or  by  dimi* 
uution  of  external  presswe,  as  well  a«  its  contraetion  by  cooling  or  in- 
crease of  pressure,  a«  pnweeding  from  an  enlargenjeut  or  diminution  of 
the  inter^-ening  «|>aceH.  In  oi)p<)8itioii  to  tliis  view,  wliich  follows  almost 
of  necetatity  from  the  hypotheHJs  of  atoms,  Le  Roycr  and  Dumas  {J.  Phys, 
y2,  AifS)  and  more  lately  Graham  and  Koji|t,  conceive  that  the  apace 
whieh  a  body  ocxMipies  is  eomplelely  lilkd  by  atoms  without  any  iulor- 
vcmng  spaocB.  According  to  thin  hyt"othe«iH,  the  upecilic  gravity  of  a 
body  muitiftlied  by  the  volume  of  its  atoms,  must  give  the  aU>mic  weight 
(for  tin'  gn-iitiT  tiir  up,  gr.  of  any  Hubstame  and  then-fore — according  to 
this  view — of  itH  atoms,  and  the  greater  their  V(»lunie,  the  greater  also  mimt 
be  their  weight).  Converaely,  when  tiie  atomic  ^veight  and  specific 
cravtty  are  known,  the  volume  of  the  atonm  will  bt^  finiijd  by  dividing  the 
mBt  by  the  second.  Thus  the  atomic  weight  of  oarlKin  =  G  divi<lcHi  by 
the  i»i)ecific  gravity  of  the  diamon<i  =  3*5  will  give  the  atomic  vtilume  of 
carl^in  =  I'7H  ;  and  the  atomic  weight  of  [xitaKsium  =  3i)"2  divided 
by  ita  »p.  gr.  =  0'8()5  gives  its  atomic  vithinie  =  45-32.  If  now  those 
uumlx>rH  be  coinjKinHl  with  the  atomii-  numbers  of  carbon  and  |M)ta8Bium 
in  column  U.  it  will  be  found  that  the  Ho-ealled  atomic  volume  ia  cxactJy 
tlio  reciprocal  of  the  atomic  number  ;  for  1'714  .  t)';)833  =  1,  and 
40"32  .  i.l'U'2'21  =  1.  (It  is  Hcarcely  ne«'ssary  to  observe  that  these 
nnmtiers  will  eomo  out  differentiy  if  instead  of  aflsuming  the  atomic 
weight  of  hydrogen  ^  1,  we  take  that  of  oxygen  =  100,  as  is  commonly 
done.)  That  the  atomic  volume  is  necessarily  the  recnpn.K'al  of  the 
atomic  number  is  easily  seen  :  fur  .'iccordiiig  to  the  view  first  laid  down 
(which  must  be  regjirucd  as  the  correct  one)  liio  six-cific  gravity  is  tilo 
product  of  the  atomic  number  and  the  atonnc  weight  (page  52):  «o  that 
if  S  =  sfiecific  gravity,  O  =  atomic  weight  and  Z  =  atomic  number, 
we  have  S  =  G.  Z.  If  now,  according  to  Le  R<.>yer,  &c.,  we  divide  the 
at4)mic  weight  G  by  the  sp.  gr.  which  according  to  the  above  jb  (.«,  Z., 

wo  liave   Uie  atomic  volume  =p-™-=-y.      Hence   the   atomic  volume 

is  the  reciprocal  of  the  atomic  numl>er.  It  is  eaHy  to  Hee  from  this  that 
the  expression  tt/omie  I'oluwe  nuisl  lead  to  ernmeuus  views  and  inferenceo; 
for  we  can  understand  by  it  nothing  elne  ihan  an  atom  of  a  Ixxly  tngether 
with  thea<;ljuc<'nt and  surrnmiding interstices;  since,  however,  these  int*"!- 
•tices  vary  nccoixling  to  external  circumstances,  such  as  pressure  and 
teinp<*mtun',  the  atomic  voltuiii*  must  be  variable  also.  This  is  alh)W<Hi 
br  h.l.  Boullay  {Ant,.  Chim.  P/n/x,  43,  2Ct;,  extr.  Piip.  19.  107  ;  also 
JV.  Tr,  28,  1,  20H)  who  advnnwHl  sintilar  views.  If  this  nuKle  of  t^lcu- 
latinu  U'  adopted,  it  iri  ln'tter  t"  leave  the  atomic  theory  out  of  the 
question  and  adopt  the  n<tmenclature  of  II.  Schriider,  who  calls  these 
quotients  nfnivoUni  rvlumeg.  Since  IT,  part«  t>f  sulphur  are  tin*  equiva- 
lent of  12(;  i<Nltne.  a  vohime  of  sulphur  which  takes  up  1(J  :  20i» 
=  8  cubic  mettsun's,  is  the  (vpiivalent  of  1  vol.  irwdine  which  f>ccuijiu« 
126  :  4'()48  =  2A'46  cubic  mcaHun^s;  for  1  vol.  sulphur  of  8  cubic  mea- 
•arui,  whoae  up.  gr.  s=  2  contaijjs  2*  8  =  IC  parts  i>y  weight,  luid  1  voL 
ioi&ie  whoao   sp.   gr,  =  4'!)40  contains   4-940  .  25-40  =  120   ports   \vf 
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I 


weiglit.    (For  fmlher  development  of  this  matter,  vid.  Density  of  Com- 
pounds.) 

AtOSQC    weight   of   COMPOrXDS. 

The  two  laws  above  laid  down  (jtage  41)  apply  to  cnmjiouuda  as  well 
as  to  sinijjlc  sul)Hlani;o«.  If  one  compound  suljstamt; -A  is  capable  of  com- 
bining with  another  conipotiiid  substance  B  in  diiifproiit  ])n>portiou8,  the 
smallest  quantity  of  B  with  which  A  can  coiubitic,  iiuilti]jliod  by  1  i,  2, 
3,  4  ...  .  gives  the  other  tjuautitieH  of  B  which  can  on  tor  into  combina- 
tion with  A.  Thus,  M"!  partH  of  potash  are  united  in  carbonate  of 
jtotash  with  22,  and  in  bicarlionate  with  It  parts  of  carbonic  acid  r — 
lll'S  oxide  of  lead  cati  combine  witfi  9,  18,  27  and  54  parts  uf  nitric 
acid.  The  Becond  law  \h  aluo  applicable :  from  the  proportiona  in  which 
one  cfimponnd  Kubnlauiyy  eondiincH  with  twu  others,  may  tikowise  be 
determuied  the  |ir<*pi»rti<in  aticoriling  to  wliich  these  tw<j  ctitubirie  with 
one  an*ither.  Hydrate  uf  magnesia  contains  20-7  magnesia  and  II  water; 
Bulphate  of  magnesirt,  20'7  magnesia  atid  4i>  i?nliihuric  acid :  and  accord- 
ingly S>  water  and  40  sulphuric  sicid  are  exactly  the  pinjKirtions  of  these 
two  bodies  contained  in  oil  of  vitriol.  In  this  manner  the  atDinic  weights 
or  equivalents  nf  cotnjxiund  bo<lies  may  Ik."  detenniiied  quite  indejien- 
dently  of  those  of  simple  substances.  For  example,  wu  might  assume  the 
atom  of  sulphuric  iu:id  =  1000,  and  then  determine  that  of  water  =  22S, 
of  magnesia  ,'>i7".'),  and  oxide  of  leml  2705,  thew  In-ing  the  quantities 
of  these  several  subHtanceH,  whicli  combine  with  loOO  parts  itf  sulplitinc 
acid:  moreover,  since  these  quantiticH  of  the  several  liawH  Raturiite  KloO 
nitric  acid,  this  number  1350  would,  on  tlie  Hame  hypolhosiK,  express  the 
atomic  weight  of  nitric  acid.  NumlverH  so  determined  would  not,  how- 
ever, Iw  in  Hceordance  with  tho«e  of  the  simple  substances  obtained  on 
the  8U[j|>OHitioti  of  hydrogen  =  1  or  oxygen  ^  100. 

The  atomic  weight  of  any  com|>oujid  ia  equal  in  tiie  sum  of  the  atomic 
weights  of  the  sinqile  substances  whicli  com[xise  it.  This  is  in  exact 
accordance  with  the  atomic  theory  ;  for  the  atom  of  a  conijjoiind  must 
weigh  as  much  as  the  individual  atoms  of  the  sinrjilesidjstanccs  composing 
it  taken  together.  1  At.  hydrogen  ^  1  and  1  At.  oxygen  =  8  form 
1  At.  water  =  1  +  8  =  9 ;  1  At.  lead  =  103-8  and  I  At.  oxygen  =  8  form 
I  At,  oxide  of  lead  =:  111-8;  1  At.  suljihur  =:  IG  and  3  At.  oxygen  = 
24  form  1  At.  sulphuric  acid  =  IC  +  24  —  40.  Ik-nce  111-8  parts  of 
oxide  of  lead  c<md.)ine  with  exactly  40  fwxrts  of  sulphuric  acid,  because 
this  is  the  proportion  in  which  1  At.  oxide  of  lead  combines  with  1  At. 
sulphuric  acid.  If  111-8  parts  of  oxide  of  lead  be  heated  to  redness 
with  an  excess  of  aqueous  sulphuric  acid,  that  i>art  of  the  acid  not  taken 
up  by  the  oxide  <.>f  lead  evapcirates  togetlier  with  tfie  water,  and  there 
remain  exactly  151*8  parts  of  sulphate  of  iead,  containing  111-8  oxide  of 
lead  and  40  sulphuric  acid.  Wlieu  galeiui,  a  conq^onnd  of  1  At.  lead 
•with  t  .Vt.  sul|ilnn'  is  digested  with  nitric  acid,  whicli  g-ives  to  the  lead 
ud  the  sulphur  the  quantities  of  <»xygen  retiuired  for  converting  them 
respectively  into  oxide  of  lead  uiid  sulphuric  acid,  and  the  liquid  is  evajio- 
rated  to  dryness,  there  remains  the  same  compoimd  of  111*8  oxide  of 
lead  and  A()  sulphm-ic  acid,  so  that  no  excess  of  sulphuric  acid  ciin  J>c 
renioved  by  water  or  of  oxide  of  lead  by  acetic  acid,  iK'ctiuse  1  At.  lead 
by  combining  with  oxygen  binns  exactly  1  At.  oxide  of  lead,  and  1  At. 
sulphur  by  coudjining  with  oxygen  fonns  exactly  1  ,\t.  snlphuric  acid, — 
and  moreover  oxide  of  lead  and  sulphuric  acid  combine  precisely  iti  the 
proportion  of  1  atom  to  i  atom.   It  is  a  necessary  concoioitant  of  this  law, 
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that  wtr«ik  the  proionaae'  eJtoKas  :f  saa.  ci}m:^»inaii  ct  the  seocMxl 
OTfkrr,  ffolpfaatie  oc  fea»i  f-'^  «xamcie.  •:«:iu=im.  a  o:!^!^:^!.  sfazmate  ele- 
Oktmt.  a«  ffij^fni.  in.  tbia  caMse.  die  ^tufcTTO^  :c  dut»  •nrma.v  efeflaent  coa- 
tained  ax  tht  tvo  |)roximau-  •ijeaiiea.s  iLotaC  :«*ajr  a  snfMt  RiftdoB  to  eadk 
Other  z  e.j^  the  qiBuacitj  •:<  •:d^z<±A  m.  agitiiiiri'  aoi  »«9Eacti]r  3  tiiDes 
••  great  aa  tikat  in  the  •  jx>ie  ^x  ^*i  ccmtrnHi  vt:h.  x. 

Chddcaz.  F'jKsri-x. 

A  cfaemical  fonnala  is  an  exfc^^sK^ra  bj  ^jini:*?^  acd  n^nbefs  of  the 
eoini>fi*ntJfm  fA  a  definite  chemscai  ci:'OLf*:-a&»i  aaX'p£iii^  t<>  its  eiementa 
and  thc-ir  relative  qiiantitie&.  The  $Tmc«)fe  ac«  Uke  fanisl  Wtten  of  the 
narneH  of  the  elenientary  substances  girea  in  the  tafcife.  page  5CU  oolamn 
B.  Certain  comijoandg.  particolariT  oc  the  oqeanitr  ciu».  have  Gkewise 
particular  fTmbob  apprcyrated  to  them :  *.f~  Watar  =  Aq ;  C^«nogen 
^  Cy ;  Tartaric  add  =  T ;  Citzic  afdd  =  C ;  Acetie  add  =:  A  ;  Qninine 

=  Ch  ;  Morphia  =:  31^  kc  The  niunbers  annexed  to  the  srmbols  denote 
the  nnmbcre  of  atoms  of  the  several  constitaents  existing-  in  the  oom- 
pound ;  a  gymbfA  with  no  number  annexed  to  it  implies  that  one  at4xn 
only  of  the  cr>rre8ponding  sabetance  e3tkts  in  the  compound.  Electro- 
pofiitive  Rubstances,  such  as  metals  and  salifiable  bases,  precede  electro- 
negative substances,  sodi  as  oxvgen  and  acids  in  the  fonuobe.  This 
or£;r  is  the  reverse  of  that  adopted  in  the  niwaendature.  but  it  would 
perhaps  be  better  in  this  as  well  as  in  the  formulae  to  give  precedence  to 
the  electro-positive  element.  AVhen  a  compound  contains  proximate  and 
ultimate  elements,  the  mode  of  comlHnation  is  expressed  by  means  of 
pmnts,  commas,  +  signs,  and  brackets.  Oxygen,  whidi  occurs  so  fre- 
quently in  compounds,  is  often  expressed  by  points  placed  over  the  sym- 
bol of  the  body  with  which  it  is  in  comlxnation,  the  number  of  these 
points  being  equal  to  the  number  of  atoms  of  oxygen  present.  In  a  simi- 
lar manner,  strokes  leaning  from  right  to  left  are  used  to  denote  atoms  of 
Nulpliur,  and  ix>ints  under  the  e^onbol  of  the  other  body,  atoms  of 
hyarogen. 

()xi<le  of  lea<l  is  PbO  ^  Pb ;  potash  (1  At.  potassium  and  1  At.  oxy- 

(f«jM)  M  K(>    --  k ;  water  is  110  :=  H ;  alumina  (2  At.  aluminum  and  3  At. 

oxygMi)  in  AP  0'  —  Mj  carbonic  acid  is  CO*  =  C;  silica  is  SiO"  =  Si; 

Nulpliiiri<;  will  ih  SO*  =  S ;  nitric  acid  is  NO*  =  N ;  ammonia  is  NH»  = 

N|  Miilphuto  of  lead  is  PbO  +  SO*  =  PbO,  SO*  =  Pb  S ;  bicarbonate  of 

|n>(iimIi  (I    At.  |H)taHli,  2  At.  carlxmic  acid,  and  1  At.  water)  is  KO  + 

8(!()*  f  IK)  KO,  CO*,  HO  =  kC*II;  crystallized  sulphate  of  ammo- 
nia (I    At.  utninoiiia,  1  At.  Hulphuric  acid,  and  2  At.  water)  is  NH*  + 

HO*  ♦  VllO  NII»,S()»,21I(>,  =  NSli»;  crystallized  pota8halum(l  At, 
|M)htNh,  I  A  I.  aliiinitia,  4  At.  milphiiric  acid,  and  24  At.  water)  is 
(KO    ♦    HU*)    ♦•   (Al»  O*  +   !JSO»)  +  (24IIO)  =  KO,SO*  +  A1*0*,3S0» 

f    yillO        KS,  Al  S*,ll** ;    Hulphide  of  iMttaHsium  (1    At.  potassium 

n«i«t  I  At.  Niil|ilitM)  In  KS       kt  t4>rMulphide  of  molybdenum  is  MoS*  = 

I  (Im*  tHiinlilimtloii  (if  tlii'w*  two  metallic  sulphides  in  equal  numbers 
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of  atomfl  is  KS  4-  IfoS*  =  KS,l\rirS*  =  KMo.  A  number  placed  on 
the  right  and  at  the  upper  frnrt  of  a  symltol  denolCR  merely  the  iiuitiher  of 
atoms  of  tlie  substance  dcnotod  ])y  tlic  Bymliol :  c.  7.,  SO'  must  be  iimlor- 
Btood  t<.i  denote  3  atoniH  of  oxygen  and  only  1  of  aidplmr;  when  oxj'gen 
is  expressed  by  points,  the  uumljer  j)hiced  on  itie  right  refers  to  the  whole 

conifvonnd  conlamiiig  the  oxygen ;  thus  in  bicarbonate  of  pttash  KC'II 
we  uniBt  understand  2  At.  C0\  not  merely  2  At.  C.  On  the  othtir  hand, 
a  number  pUiced  bcfoiv  several  Bymbuls  multiplies  them  ad  as  far  na  the 
next  4-  sign  or  comma,  or  if  tlie  number  stands  lH.>fure  a  bracket,  it  mul- 
tiplies all  t!ie  nymbols  and  numbers  iiurlnded  witliiii  the  brackets;  thus 
6PbO  +  NU*  or  GPbCN'O*  meatiK  a  combination  of  6  At.  oxide  of  lead 
with  1  At.  nitric  add;  and  KCl  +  4lIgCl  +  4110,  or  KCl,  411^(1  + 
4110,  the  combination  of  1  At.  chloride  of  pot^issium  with  4  At.  chloride 
of  mercury  and  4  At.  water.  Many  chemists  write  the  number  or  index 
on  the  right  IkjJow  instead  of  the  right  above  the  syndiols  (thus  SO,  for 
sulphuric  acid),  because,  in  algebraical  fomnilae,  a  nimiher  on  the  right 
above  expresses  a  power :  but  there  is  no  ri^k  of  confusion  between  alge- 
braical and  chemical  formulLe,  and  the  uttmbcr  when  written  above  is 
more  easily  read  than  wlit-n  placi-d  below. 

STOICHIOSIETinCAL,   CaLCUI.ATIOJT. 

The  greater  the  number  of  atoms  of  any  subatance  in  a  given  com- 
pound, and  the  greater  the  weight  of  those  atoms,  the  greater  will  be  the 
quantity  of  tliat  suitatauce  iJi  the  compound.  Hence  the  (juatitity  (M)  of 
the  constituents  in  a  given  rjuantity  of  the  com{K>nrid  (in  100  parts  for 
example)  is  di-termined  by  multiplying  the  numlK-r  of  atoms  (Z)  of  each 
const  it  ueiit  by  the  atomic  weight  (G).  lleuce  we  have  the  three  follow- 
ing fstrinuke  ; — 

1).  M  =  Z.  G;    2)G  =sM;    3)Z=  ^ 
L  G 

The  first  formula  comes  into  use  in  determining  the  quantities  of  the 
several  constituents  contained  in  a  giveii  quantity  of  any  compound.  The 
process  consists  in  multijilying  the  atomic  weight  of  eacli  constituent 
by  the  number  of  its  atoms  contained  in  the  compound  atnm,  and  acWing 
the  quantities  so  obtained  ;  the  sum  is  the  atomic  weiglit  of  the  compoimd, 
and  since  the  quantity  of  each  elenu'ut  ci'iitained  in  it  has  also  been  deter- 
mined, the  cpiantities  of  those  several  elenients  in  any  other  quantity  of 
the  com]K>und  may  be  foinid  by  the  linle  uf  Three. 

WliHt  are  the  quantities  i>f  the  several  elements  of  sulphate  of  lead 
(PbO.SO')  r:ontained  in  lOO  ])arts  ?  I'bO  is  10.'J-8  -\-  %  —  111-8;  S0»  is 
16  -f  24  ^  40;  therefore  PbO  +  SO*  is  111-8  +  40  =  151-8.  Wc 
know  then  that  the  proximate  elements  of  151-8  jMirts  of  sulphate  of  lead 
are  111-8  oxide  nf  Icml  and  40  sulphuric  acid ;  the  ultimate  elements  are 
103'H  lead,  IG  sulplmr.  and  ;i2  o.xygen.  If  now  lol'H  partx  of  sulphate 
of  lead  contain  111-8  oxide  of  lead,  100  parts  must  contain  (151-8  :  1I1-8 
=  100  :  73-(i5)  ya-O/i  ])arts;  similarly,  the  [iroiMirtion  Inl'S:  40  =  100:  x 
gives  26-33  per  cent,  (tf  sulphuric  acid;  151 -H  :  103'8  -.  =.  100  :  x  gives 
68*38  per  cent,  lead;  ISl'S  :  16  =  lOO  :  x  gi^-es  10-54  jkt  cent,  sulphur, 
and  151-8  :  ."^2  =  100  :  x  gives  21-08  per  cent,  oxj^gen. — What  are  the 
o^nstituents  of  85  parts  of  morphia  (O^^NFl^O*)  ?  35  At.  carb<m  weigh 
35  .  6  =  210  :  1  At.  nitrogen  14  ;  20  At.  hydrogen  20  .  1  =20;  and  6  At. 
oxygen  6  .  8  =  4H ;  and  210  +  14  +  20  +  A^  =  292  ;  now  292  :  210 
=  85  :  X  gives  61"13  carbon  in  85  parts  of  morphia  ?  292  ;  14  =  Sb  :  x 
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PB  4-08  nitrogen ;  IWWH  =  85  ;  x  grrB«5-8a  hj-dmgm ;  and  292  ;  46 

=  >^5  :  X  gires  13*97  fgtmm. 

The  first  fomiiila  wbo  wrfts  to  ind  bow  mach  of  any  mdwtanoe» 
«mple  or  cocnpoond,  is  reqnvcd  to  ooarert  a  givca  qoantitT  of  another 
enbetance  into  a  pTen  emupowd,  or  to  deoonoae  a  grr«n  quantity  of 
any  oompouiicL — Uoiw  mocb  anlpliiir  is  requirea  to  connert  135  poirta  of 
copper  into  disnlphide  of  copper T  In  doa  oompoand,  CSi*S,  there  are 
2  .  31*8  =  C3-6  copper  comtuied  witii  16  H^or:  oaoe  then  6S'6  copper 
require  16  sidphur,  ISo  parts  of  copper  wiD  reqinre  33'9€  parts  of  sulpnur, 
for  63-6  :  16  =  135  :  83-9$.— How  canA  oO  of  vitriol  is  required  for  the 
decomposition  of  79  pts.  of  nitrate  of  potash,  ao  that  btsnlpfaAte  of  potash 
may  be  formed  white   the  nitric  acid  escapes?     In   nitrate  of  potash, 

1  At.  potash,  (K  0)  =  39'2  +  8  =  47-2  is  combiDed  with  1  At.  nitric  add 
(NO*)  =  14  +  40  =  54 :  the  atomic  weight  of  nitrate  of  potash,  is 
therefore  47'2  -»-  54  =  101-2.  Oil  of  vitriol  (S0»,  HO)  contains  1  At, 
Btilphuric  acid  =16  +  3  .  8  =  40,  and  1  At.  water  =1  +  8  =  9:  there- 
fore tlie  atomic  weigiit   of  oil   of  vitriol  is  40  +  9  =  49.     ."^inco  then 

2  At.  Bulphuric  acid  are  to  combine  with  1  At.  potash,  1  .\t.  or  101-2  {.tarts 
of  nitrate  of  potash  (containing  47-2  potash)  win  require  2  At.  or  2  .  49 
^=  08  parts  of  oil  of  vitriol  (containing  80  sulphuric  aod);  now  101*2  :  98 
=  79  :  76*5  the  quantity  of  oil  of  vitriol  reqtiiivd  to  dcmmpose  79  parts 
of  nitrate  of  fK^ta^. 

By  means  of  the  second  formula,  we  may  find  ihe  atomic  wdght  of  a 
substance  when  we  know  the  relative  quantity  of  it  in  a  given  compouud, 
and  also  the  number  of  its  atoms  which  pn>bably  enter  into  the  constitu- 
tion of  that  compound.  .Suppose  that  in  HHl  jiarts  of  selcninos  acid  wo 
liave  found  71-43  parts  of  selenium  and  28*57  j>ar1s  of  oxygen,  and 
assume  oa  probable  that  it  contains  1  At.  selenium  and  2  At.  oxygen: 
we  have  then,  in  order  to  i)erform  the  operatiou  indicated  by  the  second 
formula,  to  di\ide  the  quantity  of  each  element  by  the  number  of  its 
atoms:  tliua 

M     :Z=      O 
So  71*43  :  1  =  71*43 
0    28-57  :  2  =  14*285 

Aoconling  to  this,  the  atomic  weight  of  selenium  would  be  71*43  if 
that  of  oxygfn  were  14*285 ;  but  taking  8  for  the  atomic  weigiit  of 
i>xygen,  we  have  14-285  :  71*43  =  8  ;  40  :  if  the  atomic  weight  of  oxygen 
be  i<H)  we  have  14-285  :  71*43  =  1(X)  :  500.  Henoe  the  aUimic  weight 
of  8elenium  is  40  when  that  of  oxygen  is  8,  and  500  when  that  of  oxvgen 
is  100. 

By  the  third  formula  we  find  in  what  nimibers  the  atoms  of  the  dif- 
ferent constitwntB  are  uniti'd,  when  their  relative  quantitie8  and  atontfe 
weights  are  known.  If  100  parts  of  nitric  add  contain  25-926  nitrogen, 
and  74-074  oxygen,  and  tlio  atomic  weights  of  nitrogen  and  oxygen  arc 
14  and  H  respectively,  what  are  the  numberB  of  atoms  of  these  two  ele- 
miMitH  contnirxMl  in  nitric  :u:'id  T     According  to  the  formula,  the  relatiro 

auautity  divided   by   tlic  atomic  weight  ^^vcs  tlie   number  of   at 
leroforc. 

M        :  O  =       Z 
N  25-926  :  14  =   1-R.=>2 
O  7*4074  :    8  s=  9-260 

According  to  tlus,  1862  At.  nitrogen  are  united  with  9260  At  o 
(.    Thin  onDifiBeated  ratio  may  however  (as  in  most  other  cases) 
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reduced  by  assunung  the  atomic  number  of  the  elements  which  gives  the 
smallest  quotient  in  the  calculation  =  1,  and  dividing  the  other  quotients 
by  this  smallest  quotient.  Thus  in  the  present  example  1*852  :  9*260 
=  1:5;  consequently  1  At.  nitrogen  is  combined  with  5  At.  oxygen. 

Felspar  contains  in  100  parts,  16*65  potash,  18*14  alumina,  and  65*21 
silica :  how  many  atoms  of  these  three  substances  does  it  contain  t  Here 
we  have  to  calculate  the  atomic  weights  of  the  three  proximate  elements : 
thus 

K  39-2  2A1  27*4  Si    14*8 

0    8*0  30    24*0  20  16.0 


Potash  47-2  Alumina  51*4  Silica  30*8 

M    :    G    =      Z 

Potash 16*65    :  47*2  =  0*3528 

Alumina    18*14    :  51*4  =  0*3528 

SiHca 65*21   :  30*8  =2*1172 

Now  3528  :  3528  :  21172  =  1  :  1  :  6.  Consequently  felspar  contains 
1  At.  potash,  1  At.  alumina,  and  6  At.  silica,  probably  combined  as 
follows : 

(K:0,3SiO»)  +  (A1H)»,  3SiO»). 

In  many  compounds,  especially  of  the  organic  class,  all  the  elements 
occur  in  more  than  1  atom,  and  the  division  oF  the  larger  quotients  by  the 
smallest  gives  improper  fractions,  which  must  be  got  rid  of  by  supposing 
the  number  of  atoms  of  the  element  which  gives  the  smallest  quotient,  to 
be  2,  3,  4,  &c.  Dry  benzoic  acid,  for  example,  contains  in  100  parts, 
74-84  carbon,  4*42  hydrogen,  and  21*24  oxygen. 

M  :  G=         Z 

C      74*386  :  6  =  12*390 

H       4*425  :  1  =     4*425 

0     21*239  :  8  =     2*655 

2*655  :  4*425  :  12*390  =  1  :  1*66  ....  4*66  ....,  or  multiplying  by  3,  = 
3:5*.  14.  Hence  dry  benzoic  acid  contains  3  At.  oxygen,  5  At.  hydro- 
gen, and  14  At.  carbon. 

To  save  the  trouble  of  making  such  calculations  by  the  rule  of  three, 
WoUaston  (Ann.  Phil.  4,  176 ;  comp.  also  Schtv.  14,  126)  introduced  his 
Scale  of  Chemical  Equivalents,  constructed  on  the  princifde  of  the  ordinary 
Sliding  JRule.  A  slide  moveable  up  and  down  the  middle  of  a  narrow 
board  is  marked  with  the  numbers  10  ....  500  placed  at  distances  coire- 
sponding  to  their  logarithms,  so  that,  for  example,  the  distance  between 
10  and  11  is  as  great  as  that  between  100  and  110.  On  the  right  and 
left  of  the  shde  the  names  of  the  elementary  substances  and  their  more 
important  compounds  are  marked  on  the  board  in  pldces  corresponding  to 
their  atomic  weights.  When  the  slide  is  set  right  in  the  board,  that  is  to 
say  not  drawn  either  up  or  down — ^the  number  10  on  the  slide  stands 
opposite  1  At.  oxygen  on  the  board;  11*25  on  the  slide  opposite  to  1  At. 
water  on  the  board,  so  likewise  12*5  corresponds  to  10  At.  hydrogen;  20 
to  2  At.  oxygen,  and  1  At.  sulphur ;  80  to  3  At.  oxygen ;  40  to  4  At. 
oxygen;  50  to  5  At.  oxygen  and  1  At.  sulphuric  acid;  130  to  lead;  140 
to  oxide  of  lead ;  190  to  sulphate  of  lead,  and  so  on.  Consequently,  in 
this  position  of  the  slide,  it  maybe  seen  that  190  parts  of  sulphate  of  lead 
contain  140  oxide  of  lead  and  50  sulphuric  acid ;  or  130  lead,  20  sulphur 
and  40  oxygen,  it  being  supposed  that  the  numbers  of  atoms  of  the  con- 
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Btituents  are  previously  known.  If  now  it  be  required  to  find  what 
quantities  of  these  several  elements  are  contained  in  100  parts  of  snlphate 
of  lead,  the  slide  is  to  be  so  placed,  that  the  nomber  10«)  shall  stand  exactly 
opposite  to  sulphate  of  lead,  when  the  required  quantities  will  be  found 
opposite  the  names  of  the  several  elements.  In  this,  and  other  ways,  the 
Equivalent-scale  fwhidi  may  also  be  made  with  a  moveable  drde  instead 
of  a  slide)  may  be  employed.  However,  the  fractimial  parts  of  the 
numbers  cannot  be  marked  on  the  divisions  of  the  slide  with  a  degree  of 
aocnracy  equal  to  that  which  may  be  obtained  by  calculation,  and  more- 
over the  number  of  the  elements  and  their  compounds  is  so  great  that 
their  names  cannot  aU  be  marked  on  the  board,  so  that  seardiing  for  them 
in  this  manner  often  takes  a  longer  time  than  calculation :  henoe  the  use 
of  these  Equivalent-scales  has.  not  bectwae  very  gen»aL 

D.  QnalitatlYe  alterations  of  elements  cansed  by  chemical 

combination. 

Since  the  chemical  combination  of  heterogeneous  snbetuices  produces  a 
homogeneous  mass,  it  must  necessarily  be  accompanied  by  a  change  in  the 
properties  of  the  elements.  In  the  less  intimate  combinations,  this  change 
IS  very  unim^xirtaiit,  no  more  in  many  cases  than  is  necessary  to  cause  we 
different  pn>]x>rti(>H  of  the  elements  to  merge  into  one  another.  Thus 
common  salt  when  dissolveil  in  water  loses  its  solid  form  and  imparts  its 
saline  taste  to  the  water,  while  the  specific  gravity  of  the  solution  is 
nearly  a  mean  U'twitMi  that  of  the  salt  and  that  of  the  water.  The  pro- 
perties of  the  nion*  intimate  conqx>unds  on  the  other  hand  are  in  almost 
all  cases  totally  different  fn>m  those  of  their  dements.  The  two  tasteless 
substances  oxygen  and  sulphur  produce  by  combination  the  intensely  sour 
and  corrosive'  sul^Aiurie  acid ;  the  solid  substances  carbon  and  sulphur 
form  when  ctmibiued  the  volatile  sul^diide  of  carbon :  grey  mercury  and 
yellow  Bulphur  form  the  bright  red  compotmd  vermihon;  &c.  &c 
Althouglj  all  the  elements  of  a  comjx"»und  body  exert  some  influence  in 
detemuning  its  properties,  this  influoneo  is  nevertheless  exerted  in  very 
different  degrees ;  it  often  happiens  that  one  element  is  much  more 
effective  in  determining  the  physical  and  chemical  characters  of  a  com- 
pound than  another ;  the  former  may  l>e  said  to  jK>sse8s  more  Jormatwe 
pmrer,  while  the  latter  serves  either' as  a  htve  or  ffivumiirort.  Thus  the 
metals  may  be  said  to  act  as  bases,  while  the  non-metallic  elements,  parti- 
cularly oxygen,  hydrogen,  chlorine,  fluorine,  bn>mine,  iodine,  selenium  and 
sulphur  may  be  n»gardt*«i  rather  as  formative  principles.  The  former,  when 
they  possess  c«.>n8ideraMe  si^eoific  gravity,  im|xirt  tiiis  pn>perty  more  espe- 
cially to  the  comjH)unds,  while  the  latter  generally  destroy  "the  metallic 
lustre,  ojiacity.  and  gn»at  o^nduotive  p»-»wer  of  heat  and  electricity  by 
which  metals  arv  distinguished,  and  ini|xirt  to  the  compounds  peculiar 
chemical  characters,  e.  g.,  those  of  acids  or  salifiable  bases.  There  is  more 
resemblance  between  the  compounds  of  oxygen  with  different  metals,  as 
also  betwet^n  the  several  metallic  chloridi's,  sulphides.  Ac,  than  between 
the  ca>m{)ounds  of  one  and  the  same  metal  with  oxygen,  chlorine,  sul- 
phur, tec.  • 

a.  Deitsitif. 

In  most  instances,  the  compound  occu|iies  a  smaller  space  than  its 
eloroentH  taken  together  l>efore  combuiation  ;  condensation  generally  takes 
|)lace,  less  fn^iuuntly  expansion,  or  neitherv 
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a,  Belation  hetvoeen  the  Density  of  Oaseow  Compounds  and  that  of  their 
Gaaeoua  Elements. 

Most  combinations  of  this  class  are  attended  with  condensation,  and 
always  according  to  simple  relations  of  volume ;  many  however  take  place 
without  alteration  of  bulk,  so  that  the  compound  takes  up  the  same  space 
as  the  sum  of  the  elements  before  combination ;  we  know  of  but  one  com- 
bination of  gases  which  is  accompanied  by  expansion. 

These  relations  are  exhibited  in  the  following  table.  The  first  division 
includes  the  cases  in  which  no  change  of  volume  takes  place ;  the  second 
those  attended  with  condensation ;  me  third  the  single  case  accompanied 
by  expansion.  But  few  organic  compounds  are  mentioned  in  this  table,  as 
their  relations  of  volume  wul  be  fully  treated  of  in  another  place. 

Column  A.    Names  of  the  compounds. 

B.  Their  chemical  formulee. 

C.  The  number  of  measures  in  which  the  bodies  combine. 

D.  The  sum  of  these  measures  or  the  volume  of  the  elements  before 
combination. 

E.  The  number  of  measiires  occupied  by  these  elements  after  com- 
bination. 

F.  The  atomic  weight  of  the  compound. 

G.  Specific  gravity  of  the  compound,  that  of  air  being  assumed  =  1. 
H.  Quotient  obtained  by  dividmg  the  specific  gravity  by  the  atomic 

weight,  i.e.  the  atomic  number. 

I.  Reduced  atomic  number,  obtained  on  the  supposition  that  1  voL 
hydrogen  gas  contains  1  .  x  atoms  of  hydrogen. 

The  commns  F,  G,  H,  I  are  comparable  with  columns  B,  C,  D,  E  of  the 
table,  page  55. 

Since  the  specific  gravities  of  many  simple  substances  occurring  in  the 
compounds  here  enumerated  are  not  known  from  observation,  we  are  obliged 
in  regard  to  them  to  calculate  the  specific  gravity,  and  thence  the  relation 
by  volume  hypothetically.  Thus  from  analogy,  the  vapours  of  selenium 
and  tellurium  have  been  assiuned  to  be  6-atomic,  that  of  antimony  2-atomic, 
and  fluorine  g^,  together  with  the  vapours  of  carbon,  boron,  silicimn, 
titanium,  tin,  and  bismuth,  as  1 -atomic.  Since  for  example  the  atomic 
weight  of  tin  is  59  times  as  great  as  that  of  hydrogen,  and  the  sp.  gr.  of 
hydrogen  gas  =  0'0693,  the  hypothetical  sp.  gr.  of  vapour  of  tin  = 
69  .  J9'0693.  The  atomic  weight  of  antimony  is  r29,  and  its  vapour  is 
supposed  to  be  2 -atomic :  hence  the  hypothetical  sp.  gr.  of  its  vapour  is 
2  .  129  .  0*0693.  To  find  that  of  selenium,  we  multiply  by  6 .  40,  and  so  on. 
The  hypothetical  parts  of  the  calculation  are  denoted  in  the  table  by  notes 
of  interrogation :  m  most  cases,  the  hypothetical  element  is  the  number  of 
volumes ;  in  that  of  nitric  acid,  it  is  the  specific  gravity  of  the  vapour. 


VOL.   I. 


66 


AFFINITY. 


ilydriiKiic  acid • . 

Hydi-ubromic  acid »h 

Uydrocbluhc  ai-id 

Hydrocyanic  acid 

Bromide  of  ryanogeo 

Volatile  chloride  of  cyanogen 

Nitric  ojtide 

Hydriod.  photpb.  hydrogen. 
Hydrobrom,  phoi^ph.  hydrogen 
Uydrorblorate  of  aimnonia  . 
Hjdrocyaiiate  of  ainmoDia  . 
Bihydrogttlphate  of  ammonia 
Cvbonate  of  ammonia 


Sulpburoui  acid    ,    

Selenioiu  acid    

Sulphuretted  hydrogen..  .. 

Selcniurctted  hydrogen. . . . 

Tellaretted  hydrogen     . .  . . 

Sulphide  of  carbon    ...... 

Phoapburetted  hydrogen  . . 

ArMniaivtted  hydrogen    ., 

Tcrchioride  of  phocpboruB 

Iodide  uf  arsenic    

Chloride  or  arsenic    

Tercbloride  of  antimony   . . 

Water    

Carbonic  oxide , ,  . . 

NitroQn  oiide    .......... 

Hrr-^-'-  ■  -id 

Or  iiie 

Suii  if  mercury  .. 

Sub.ctilondc  of  mercury  . . 

Sulphuric  aeiil  .. 

Peri^hloride  of  phoipbonia 

Ammonia  ....,,.,,,..., 

C'  r  'r  of  boron  ........ 

I  of  boron 

<-    1  .    .Ml-  acid 

t*tioii||ritr  gas 

Chhirn-tulphuric  acid    . .  . . 

Iodide  ofawroarj 

UrumiJe  of  marauj 

orid^i  iif  mrrrury  ....  ■  • 
onde  of  bismuth 


of  illiciuni  ........ 

i  of  Mlicium  ........ 

(Th)oHdc  of  tiUuiiuni ..,..,.. 

Diohlorlde  of  tin    

Liitbt  rarbar«rtu>d  hydrogen  . . 
Solid  cblorid*-  of  cranoMn    < . 

filtr--   -      -I  .  .  .  _ 

Ar  .    ...* 

Oi' ;  '  tulpliv  

Olrtiant  gva   

Ulacial  tcttie  add 


Salphide  of  atncaij     RfS 


fi 
FormoU. 


IH 

BrH 

CIH 

Cyll 

CyBr 

CyCl 

NQS 

PHMH 

PfP.BrH 

NH'.CIH 

NH'.CjH 

NH',2SH 

NH»,CO* 

SOS 

SeO^ 

SH 

SeH 

TeH 

CS» 

PH» 

A«H« 

PCl» 

A»l» 

A»CI» 

HO 
CO 
NO 
NO* 

cio< 

HrBr 

Hg'Cl 

80» 

PC1« 

MP 

BCl» 

BF"* 

CO= 

CO.Cl 

SO»,Cl 

Hgl 

HgBr 

HgCl 

Bi<CP 

NC« 

SiCi* 

SiP 

TiCia 

SoCl* 

C»H* 

Cy*CI« 

NO* 

AaO* 

8>CI 

C<H< 

c«M«a* 


C  0     K 

Volume*. 


11. IH 

IBr.llI 

ICl.lH 

ICy.llI 

ICy,lBr 

ICy.lCl 

IN.IO 

II'HMIH 

IPHMBrH 

INHMClH 

INlP.lCyH 

INHMSH 

2NHMCO' 

IS.60 
l?Se.60 

1S,6H 

I?Sc,6H 

l?Te,6U 

3?C,1S 

IP.CH 

IAii.611 

ip.eci 

1A«,6I 

lAs.eci 

l?Sb,QCi 
2H,10 

2?C.10 

2N,10 

IN.20 

1C1,20 

2Hg.lBr 

2IIg.lCl 

IS.DO 

IP.IOCI 

IN.tH 

1?B,3CI 

l?B.3?f 

1?C',10 

I  CO,  1  CI 

I  SO".  1  CI 

IHg.lI 

IHg.lBr 

IHgrlCl 

2,>Bi,3Cl 

IN,2?C 

l?ai,2CI 

l.'Sl.2?P 

I?TS,2C1 

I  .'Sn,2Cl 

2.>C,4H 

SCy.SCl 

2N,50 

lAt.aO 

IS,3Cl 

4?C,4H 


6Hg.lS 


F 

G 

At. 

Spec. 

weight. 

graT. 

127 

4.3677 

7tf-4 

2-7512 

36-4 

1-2618 

27 

0-0359 

10I--I 

3-6070 

ei-4 

2-1285 

so 

I  0399 

161-4 

2-7690 

113-8 

1-9060 

53-4 

0-8900 

44 

07700 

il 

0-8^40 

3d 

0-9000 

32 

2-2186 

5& 

4  0000 

17 

11786 

41 

2-7950 

65 

4-4000 

3(1 

2<fi.H45 

34  4 

1-1910 

78-2 

26950 

isr-6 

4'«765 

413-2 

IS  1000 

lHl-4 

63006 

235-2 

7  8000 

S 

0«239 

14 

09700 

22 

l-.'>2j.i 

4G 

1  7200 

67-4 

2-3365 

281-2 

101410 

238-2 

8-3500 

40 

3-0000 

208-4 

4-8500 

17 

05893 

llfl-7 

3-9420 

C6-C 

2-3124 

22 

1-5252 

49-4 

3-4249 

6  7-4 

4-6650 

227-4 

15-9000 

179-8 

12-1600 

136-8 

9-8000 

313 

11-3500 

26 

1-8026 

B5-6 

5-9390 

52-2 

3-6050 

95-3 

6-8360 

129-8 

9- 1997 

16 

0-5546 

1642 

6-3900 

54 

.»3-7422 

F9-2 

13-8500 

67-4 

4-7000 

28 

0-9706 

«0 

2-7400 

117-4 

5-510O 

Atomic 
number 


0-0693 
00714 
0-0693 
0-O6tll 
0-0691 
0-0693 
0-0$46 
0-0345 
0-0355 
0-0355 
0-0347 
00331 
00698 
0-0693 
0-0C93 
0-0373 
0-0347 
OnS60 
0-03&0 
0-0750 
0-023.1 
00346 
0-0338 
0-0347 
0-0693 
0-0693 
0-0693 
00699 
0-0676 
00716 
0-0356 
00693 
0-0693 
0-0690 
0-0716 
0-070fl 
00347 
0-0547 
0-0693 
0- 1.196 
00696 
00347 
00457 


DENSITY  OP  COMPOUNDS.  67 

From  this  table  the  following  results  may  be  deduced: — 

1.  Compound  bodies  in  the  gaseous  state  are  more  expanded,  and  con- 
tain fewer  atoms  in  a  given  volume  than  simple  substances  in  the  same 
state.  While  the  simple  gases  are  6,  2,  and  1 -atomic,  the  compoimd 
gases  are  never  6- atomic,  but 

a.  2-atomic :  arsenious  acid ; 

b.  1 -atomic :  water,  nitrous  oxide,  most  oxygen  acidi?,  the  weaker  hy- 
drogen acids,  such  as  sulphuretted  hydrogen  and  several  metallic  iodides, 
bromides  and  chlorides,  some  containing  one  and  some  two  atoms  of  the 
salt-radical : 

c.  |-atomic:  sulphide  of  mercmy  and  glacial  acetic  acid ; 

d.  ^-atomic :  oxide  of  chlorine,  hyponitric  acid,  the  stronger  hydradds, 
such  as  hydrochloric  acid,  ammonia,  compounds  of  3  At.  hydrogen,  iodine, 
bromine  or  chlorine  with  1  At.  boron,  phosphorus  or  metals,  and  those  of 
1  At.  bromine  or  chlorine  with  2  At.  mercury ; 

e.  l-atomic :  anhydrous  carbonate  of  ammonia,  (NH*,CO*),  perchloride 
of  phosphorus ; 

/.  :}-atomic :  compounds  of  hydracids  with  ammonia  and  with  phos- 
phuretted  hydrogen. 

It  is  scarcely  necessary  to  remark  that  by  |,  i,  \  or  ^-atomic  gases, 
we  are  not  to  understand  gases  really  containing  two-thirds,  one -half,  one- 
third,  or  one-fourth  parts  of  atoms,  but  gases  of  which  1  volume  contains 
only  I,  ^,  I,  or  I  as  many  atoms  as  an  equal  volume  of  hydrogen  gas.  It 
appears  as  if  the  greater  number  of  atoms,  which  together  form  a  com- 
pound atom,  attach  to  themselves  a  greater  quantity  of  heat,  so  that  the 
compound  atom  becomes  surrotmded  with  a  larger  calorific  envelope. 

2.  The  volume  of  the  constituents  bears  to  that  of  the  compound  the 
following  relations : 

1  vol.  A  with  1  vol.  B  forms  2  vol.  AB,  therefore  1  +  1:2  =  2:2. 
To  this  case  belong  the  first  12  examples  in  the  table. 
1  +     1:1=     2:1,  Carbonic  acid,  phosgene,  iodide,  bromide,  and 

chloride  of  merciuy. 

8,  Neutral  carbonate  of  ammonia. 

2,  Water  and  the  6  following  compounds. 

1,  Cyanogen  and  the 4 following  compounds,  sup-' 
posing  the  hypothetical  relations  of  volume 
to  be  correct. 

3,  Sulphide  of  carbon  with  the  same  limitation. 

2,  Ammonia,  with  the  2  following  hypothetical 
cases. 

1,  Dichlotide  of  sulphur,  arsenious  acid. 

9,  Sulphide  of  mercury. 

6,  Sulphurous  acid  and  the  4  following  com- 
pounds. 

4,  Phosphuretted  hydrogen  and  the  5  following 
compounds. 

6,  Sulphuric  acid. 

6,  Perchloride  of  phosphorus. 

2,  Chloride  of  bismuth  t 
2,  Nitric  acidt  * 
2,  Solid  chloride  of  cyanogen. 

fi.  Relations  between  the  Density  of  Solid  or  Liquid  Compounds,  and  that  of 
their  Solid  or  Liquid  Constituents.   . 

There  is  no  known  instance  in  which  the  combination  of  solid  or 
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liquid  bodies  takes  place  without  alteration  of  volume.  In  roost  cases 
condensation  ensues,  very  rarely  expansion  ;  a  very  sliglit  expansion  takes 
place  ill  the  combination  of  indiuc  with  potasHium,  U^nd,  mercury,  or  silver, 
of  sulphur  with  arsenic  (in  the  formation  of  the  red  Rulphide)  with  copper 
(in  the  fonnation  of  disulphide  of  cupix.'r)  ur  willi  ciuluiium,  (Karsten, 
Boullay,)  and  of  lead  with  tin,  ^okh  or  platiimin  {KupfTer) ;  also  a  con- 
siderable expanfliuu  in  the  combination  of  carbon  (of  3'5  sp.  gr.)  with 
sulphur  (of  2'0  sp.  gr.)  to  form  bisuljihiile  of  carbon  (of  r272  sp.  gr.). 
But  these  expansiuus  or  contractions  exhibit,  as  mig-ht  be  expected  from 
the  reasons  stated  on  yiage  54,  no  such  simple  relation  as  that  which  is 
observed  in  all  cases  of  the  combination  of  gases.  That  some  approach 
to  a  definite  relation  does  however  exist  belween  the  density  of  elements 
and  that  of  their  combinatiutie  in  the  aolid  or  liquid  state,  api^ears  from  the 
labours  of  Le  Ki>ver  and  Dunius,  IlerajMitb  (Phil.  Mag.  182-4,  Noi\  321 ; 
abstr.  .V.  Tr.  II,  104),  Pol,  a>ullay  {Ann.  Chim.  Phi/n.  43,  266,  also  Popij. 
19,  107,  also  N.  Tr.  23,  1,  208),  Karsten,  Animermiiller,  H-  Kopp,  and 
especially  of  II.  Schroder. 

These  relatioa.s  are  exhibited  in  the  foUowing  table,  which,  however,  ia 
drawn  up,  not  accorthng  to  the  Tlieory  of  Volumes  of  Kopp  and  Schr&der, 
but  according  to  the  Atomic  Tlu'dry. 

Column  A.  Name  of  comiHnind, — B.  Formtda. 

C.  Atomic  weig-ht. — D.  S|x.'ciilG  gravity  iu  the  liquid  or  solid  state,  that 
of  water  =  1. 

E.  Name  of  the  observer  of  the  spociBc  gravity.  Bg.  denotes  Bergman; 
Bk.  Brooke;  Bl.  Buullay ;  Bt.  Breithaupt;  Bii.  Buchnlz;  By.  Bussy ;  Bz. 
Beraelius  ;  Dm.lJumas;  Dt.  Dalton;  Dv.  Davy;  Ek.  Eckeberji^;  Fd.  Faraday; 
Ob.  Guibourt ;  GL.  Gay-Luseac;  Gk.  Glocker;  lid.  llaidinger;  iJf. 
Hoffmann ;  Ilr.  Horapath ;  Ke.  Kcrsten ;  Kf.  Kupffer ;  Kn.  Karstcu ; 
Kp.  Kopp;  Kw.  Kirwan;  Ld.  Jjcordiard;  Ms.  MdIis;  Mt.  Mitscherlich; 
Ne.  Neumann ;  NL  Niemann  ;  Ph.  Phillii»8 ;  RD.  Le  Royer  and  Dumas ; 
Rm.  Ranmielsberg ;  Rt.  Regnault;  St,  Stromeyer;  Ta.  Taylor;  Te.  Tbe- 
nard ;  Ti.  Thilorier ;  To.  Thomson ;  Un.  I'nverdorben ;  Ur.Ure  ;  W. 
Wiihler. 

F.  Quotient  obtamed  by  dividing  the  sp.  gr,  by  the  atomic  weight ;  this 
colunm  is  therefore  coniparable  with  cohuim  D  of  table,  pag«  55. 

0.  Nundiers  in  colunm  F  njultipiied  by  770  and  then  divided  by  0'0698 
for  reasons  explained  on  page  .'J5.  Hence  the  niunbcrs  in  column  G  show 
the  number  of  at^jms  of  a  comjxiund  included  in  the  space  which  Would 
contain  one  atom  of  hydrogen  in  the  state  of  gas.  Thus  then  the  nuin- 
bere  in  cfihunn  G  arc  comparable  with  those  of  culuuiu  E  of  table, 
page  53,  as  well  as  those  in  column  F  of  table,  p.  55,  and  those  of  column  i 
of  tnblc.  paije  CG.     For  explanation  of  atlumns  II  and  I,  see  page  76. 


Habavide  of 


copper 


WaUr „ _.. 

Potaali 

Bo4i   


Ctt«0 


ao 

KO 
B«0 


c 

Atom. 
Wel(faL 


D       E 
Spoe.   Ora* 


71 -O 

6S00 

&761 

fiOJM 

210^ 

S\tM 

lOOWJ 

9 

1000 

47-2 

Sim 

81-2 

i&x> 

7efl 

4-782 
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A. 

B 

c 

Atomic 

D        E 

F 

0 

H 

1 

WelgM. 

spec.  Gi»T. 

Atcmk  N-itmb^r. 

9«M^ 

SiO 

£S 

a-y32 

Kn 

0-0756 

aio 

loBW    ...„..,... 

CaO 

s^-h 

3-lCl 
8-170 

Kn 
Bl 

o-iioe 

0-1115 

1333 
1239 

MapiMa    

¥if 

30-7 

3-SOO 

Kn 

0-1546 

1718 

Tttria 

40-a 

4-frt2 

Ek 

0-1177 

13<»8 

Glacina  ..-.....,.....,...., 

GO 

25-7 

2-907 

Ek 

0-1155 

1283 

Thoiina 

ThO 

67-6 

&-402 

Bz 

0*1  KW 

156S 

Protoridc  of  uratjiam  ,. 

uo 

225 

7-)03 

En 

OO3I0 

S54 

3.1 

317 

Prutoxido  of  manganeae 

MdO 

356 

4-72G 

Hr 

0-1327 

1474 

!>1 

i4f»r 

Oxide  of  due    

ZnO 

40-2 

5-€00 
5-734 

Bl 

01303 
0-l.l2(i 

1518 
1584 

1,1 

1623 

Oxide  of  ladouiu)]    

CdO 

68-8 

0-950 

Ka 

0-1089 

1210 

1,1 

1220 

Protonde  of  tin    ,.. 

Sn(J 

e? 

6-63SI 

Ht 

0-(?&0I 

llOI 

1*1 

1034 

Protcnodetrflaid .,. 

PbO 

lU-8 

9  300 
9277 
9-600 

Kn 
Hr 
Bl 

0-(X'<i1 
0-Uti29 
0-0&t9 

0H 
921 
9^ 

1,1 

9^44 

OaO 

39-8 

6-401 

Hr 

0-1608 

1787 

1,1 

1763 

^ 

6-430 

Kn 

O-IGIO 

ins 

Bod  cadiis  t^ marewej  ... 

HgO 

109-4 

11000 
11191 
ir^M) 

Bl 
Kn 
RD 

O-liMla 
0-1023 
0-1033 

1117 
1137 
1147 

^1 

1148 

Oiide  of  Mil?iir 

ApO 

1161 

7-14? 

Hr 

00015 

683 

2,1 

709 

7250 

Bl 

mm  t 

fi03 

S-2a0 

Kn 

our  11 

7m 

Sed  Qzide  of  mmunneao 

Mn»0* 

U4-a 

4-728 

Hd 

OoiU 

wr 

4^4 

4115 

Kedlemd    .,.,. .., 

Fb»0* 

a434 

8-620 

9-oea 

Kit 

Hr 

0TII251 
0-02&1 

279 
293 

1,* 

283 

Maf^elic  oxide  of  inm 

Pe»0* 

113-e 

6'0&1 

Mb 

0-0418 

498 

8,4 

G0» 

artifieial 

5-400 

Bl 

<mm 

528 

Alamiiu,  Corundnm. 

A1*0» 

61-4 

S-909 

Ml 

O-0780 

8S7 

mbj 

3-631 

Br 

00687 

768 

Oxide  of  duonjiuni , 

Cr»0» 

80-3 

S-210 

Wl 

OOCoO 

738 

2,3 

740 

Oxiile  of  bvmuth 

Bi«C? 

aje-8 

8173 
8-410 
8-0(JS 

Kti 

BD 
Bl 

00*15 
0-0857 
00879 

383 
396 
■^1 

2,2 

411 

Peroxide  of  inm,  cpeoa- 

Fo«0* 

78-4 

6-251 

Ma 

0-0668 

743 

3.2 

744 

tar  iTini  ore 

Oxide  of  cobalt 

Co»0' 

83-3 

£-600 

B) 

0*0673 

748 

3,2 

743 

Peroiide  of  tiickol    

Ki«0» 

88-3 

4-848 

Hr 

0-0,i>83 

648 

3,2 

743 

Peroiido  of  hjJrogen  „. 

HO* 

17 

1*452 

Te 

0-0851 

949 

2,1 

354 

Cai-bonic  acid     ........... 

CO* 

22 

0830 

Ti 

0-(l377 

419 

6,6 

42^1 

StdphtutiOB  odd   

SO" 

as 

1-420 
1-4S0 

Fd 

Bb 

o-om 
o-oifia 

493 

:.2 

oOl 

Silica 

SiO* 

30-8 

2-052 

0-0861 

957 

Oxide  of  titaniam  vaataae 

TiO* 

405 

3-836 

Me 

00»lo 

1050 

2,1 

1110 

■ IB  tile 

4-2-19 

Mfi 

01049 

1165 

^^  Brtificiiil     .,,..,,...., 

3-931 

Kn 

00!}7l 

1079 

Oxide  of  ton^ton      .  ,,. 

W0« 

111 

12-111 

Kn 

01001 

1212 

J,  2 

117B 

Oxide  of  jnolybdennm  . 

MoO* 

u 

6-606 

Be 

0-0676 

W3 

2.1 

1023 

Peroxidfl  of  maaganete  . 

MnO» 

43-6 

4-940 

Hd 

0  1133 

1259 

3.1 

1871 

Peroiide  of  tin,  tLiwtons 

SnO* 

75 

61W0 

M» 

0-0038 

1031 

1,1 

1034 

— —  artifidal     ,.... 

6000 

Bl 

00920 

1022 

■ Brtifid«I     ,.,-,,,.,., 

6-639 

Hr, 

00685 

983 

Feioxide  of  leajd 

PbO* 

119-8 

8-903 
8033 
9-100 

Hr 

Kr 

Bl 

0-07'13 
0-0745 

oo'e? 

825 
828 
852 

1,1 

&i» 

Borkcioudd 

BO* 

43-8 

l-83l> 

BD 

00520 

564 

u 

&48 

Bnlplinrio  ncid 

80» 

40 

1-970 

|{, 

00192 

547 

»14 

Tantalicftcid 

TaO" 

2fl9 

fi'500 

0-03n 

3-15 

TungatioMid    ,...,......- 

W0» 

110 

5-374 
ei20 
7"1-W 

Hr 
Bz 
Kn 

00443 
00514 
00600 

492 
671 
667 

2,2 

685 

Molybdic  B«id    .,.,,. 

MoO» 

73 

S-460 

0-0186 

540 

I.S 

&« 

AiMiiioQa  ttcid,  Titreotu 

AjiO* 

09-3 

3698 

0*0373 

413 

6,1 

429 

3-703 

Ku 

0-0378 

414 

3-ra& 

Gb 

&i)377 

419 

70 


AFFIXlTir. 


D       E 

F 

G 

H 

I 

Spec.  Cr»T. 

Atomic  Kmnber. 

371W 

Ta 

r(0383 

125 

3(51»5 

(ill 

t>-i»3<13 

lus 

6,1 

403 

aniJO 

M« 

0'(>34i» 

403 

3,1 

406 

5-77H 

lil 

o-iia7s 

420 

lolW 

Ni 

0-lt222 

217 

7,1 

MS 

IWl 

r.L 

0-tVSl5 

S50 

(5*125 

By 

tIfKllia 

450 

8.1 

4S0 

(i(il»5 

Kn 

(lOUfl 

W2 

37*4 

Ku 

0  0321 

SfiO 

2.2 

364 

6526 

Bl 

DtXJHC 

429 

M 

4» 

9-660 

Bt 

«-04fi2 

617 

1.1 

&» 

47fiO 

Kf 

OtJKiiO 

099 

2264 

Kn 

(l-a327 

363 

i.l 

387 

8-466 

Ku 

O0WJ3 

614 

t.l 

512 

6-070 

Kn 

i>-04m 

ISO 

«-7ai 

Ms 

(Hi;-.to 

oW» 

\,l 

595 

2-750 

Ne 

011511 

604 

• 

SOM 

M* 

0(1715 

TV-l 

U 

7B8 

2'88-l 

Ms 

0U309 

3^13 

S-&60 

Mh 

OWJK! 

6»1 

3592 

M« 

0(«21 

693 

4-870 

Kn 

0-07IV3 

781 

1.1 

8(Vi 

4412 

M« 

0(1714 

793 

4-41M 

Kn 

0-052;j 

581 

5-«-2 

Ne 

0O07C 

751 

S-Sd4i 

Mo 

otms 

872 

2931 

M» 

0-05SO 

64^1 

43«2 

Ko 

0(1  W6 

4»1 

490 

35^1 

Kn 

0O4W0 

543 

668 

»V428 

Kn 

0  ■(»«<) 

&33 

3818 

Ms 

o-uhvi 

740 

2f<r.5 

Hro 

00147 

163 

2IJ23 

Kn 

o-nain 

33^1 

1.1 

Ui 

2062 

Kp 

0-W305 

839 

2-68  ( 

Kd 

0(t36!l 

410 

1.1 

401 

2-4fi2 

Kp 

0(»3« 

3tH 

5-3  n 

Kn 

0(1312 

3MI 

1.' 

874 

3  4<M> 

Kn 

uma 

471 

1. 

4» 

8572 

Kn 

()0H» 

408 

1. 

407 

2rHf7 

Kn 

0-OI2U 

477 

1. 
1. 

47J 

3027 

Kn 

00127 

474 

476 

a-jwo 

RD 

0-ai32 

400 

S-588 

Kn 

0-0600 

483 

1.1 

44* 

S^i58 

.Nc 

U-0130 

478 

iaoo 

Kn 

o-oatM) 

400 

i,i 

48S 

4-446 

Ml 

(toasi 

423 

6-169 

Kn 

(»'0H)6 

451 

M 

4U 

6-206 

Xe 

U-IM14 

460 

2-640 

Kn 

(KI3W 

20S 

«fl0.i 

Mb 

00366 

407 

3«)S 

Kn 

00172 

161 

n-oto 

Ku 

O^>409 

4M 

1.1 

483 

8'(MNI 

Ld 

0-0946 

8M 

1.1 

301 

«7«i« 

M<i 

0-0867 

408 

l.i 

419 

1707 

Kp 

0-02IS 

237 

2058 

K. 

flt)2(« 

225 

l.l 

an 

2-101 

Kii 

0  02(17 

230 

2236 

Kn 

00901 

290 

I. 

SM 

43&S 

Kn 

0-O26« 

W4 

1. 

«8 

3  186 

Kn 

0Q2Vt 

271 

1, 

m 

2  mo 

Kn 

0O205 

294 

1, 

188 

1    llHI 

Kn 

002(16 

284 

1.1 

2n 

- 

Ma 

0-ooei 

68 

.11 

K« 

0-OOM 

68 

1 

ri'js 

Mf 

00408 

U 

1 

Ancnioiu  arii],  ritreooa 

opsMjue  

Oxido  of  anttuiODjr,  n«.t. 

iirtitirial     

Oridi!  of  blilorino 

Hypon  itric  iM'id     

Aiitimouiotu  acid 

Araettio  Acid 

Aniimonic  add 

Spinel]    

Ilmenito 

Corbonnte  of  potoah    . 

Boda  

iflver 

lime,  calcipnr  

magneiia  

Bitterapar    

CArhona.t«  of  man^anono 
{wit.) 

Corbonate  of  iiioo  (oat.) 

Csrbonmte  of  oadmiom . 

Spathic  iron  

Slontxn-apar 

Amffonitia     

Withurito  

StroBtiaaito  .. 

Oubeute  of  lead  (nat) 

MBBKlte    

Bonuate  

Snlphatoofpotaah  .. 

SnlpltijU  of  aoda 

Sulphate  of  ailver 

tino     

OOppOf 

iTugjuena  

limn    

Bolphatc  of  atrontia^artif. 

ocalNitin..     

Hearyapar    

Solpfaaiaoflead  

Chromate  of  potaah... 

Bialiraniaie  of  ptjtaab 
Toniprtato  of  lima 

iMld  

Molybdata  (if  lead  ... 
Mitrata  of  aninuMua  .. 
—— potaak  


—  aflfw^.. 
baiTta   . 

^— atrooiia 


AjmtHm      

rtoapb-  land  <natiT«) 
Atwm.  Umd  ia^tkn) 


010* 
NO* 
SbO* 

A«0» 

SbO» 

MgO,AJ«G» 

FcO.TiO* 

KO.CO* 

NaO.CO* 

A^.CO« 

CuO,CO« 

MgO.CO* 

CaO,MgO,2CO« 

MnO.CD* 


ZnO.CO* 

CdO.CO' 

Fe<J,CO* 

Mg.OFeO.2CO* 

CaO.GO* 

BaO.CO* 

8rO.C(3* 

PbO.CO* 

PeO.CO* 

$Mg0.4B0» 

KO,SO» 

NaO.SU' 

AbO,80» 
Zn0.80» 
CuO.SO' 
MgO.S(>» 
CaO,S0'. 

SrO,S0' 

BaO,SO* 

PbO,SO» 

KO.CiO' 

PbO.CrO* 

K0.2CrO' 

CaO.WCJ* 

PbO.WO» 

PM).Mo<)» 

NH'O.NO* 

K0.NO* 


C 

Alomlc 
Weight. 


NaO.NO*  852 

AiO».N(l»  17CH 

BaO.NO*  1800 

8K)J«(j«  106 

in.<)N'n» 

(•:. 

I'l 


622 

86-8 
£72 
09-9 
BO'S 
986 
74 

133  8 
57-2 

2013 
872 

71-2 

1501 

m-2 

79  8 
»)" 
685 

92 

no-c 

151-8 

90-8 
16S0 

151-4 
147  5 

23418 

183-8 

80 

1(»I2 
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Hydrate  of  cMoiwe. , .  „ 
Hydrate  vi  potash   ... 

II  jdrate  of  soda    

Moognnite „.,,,,,,. 

CrVDtaJlixed  boracic  acid. . 
EiuJphimc  add  vritli  1  At. 

wat«r 

8  At 

—  3  At ._., 

Sek^DiQ  noid  with  1  At, 
Nitric  odd  frith  1  At. .., 

Ojpnun 

CrjstallijMd    mlpltate    of 

uuuigaiiew 

CTjBt.  mtphote  of  oopfMr 

' maagimeH   ,,.,., 

siao 

nickel  

' tDagB.  and  ammtnsiit 

—  mn^.  and  asimcnu;] 

-^^  line  and  potaeh   

— —  nickel  aad  mntnoub 

potash 

•         coppeir  and  unmimii!) 
■        — potoch  ,. 

'  ulamiDa  and  atntn.  .. 

—  flluBuiHi   and  potash 

ehromiom  and  potash 

pcroridfl  of  iron  and 

iiniMMjtiia    

Hvdrofluoric  acid............ 

FlUfirwpar 

Ti>rflii(iridp  ofarsenio , 

Pi'lil'imV-  of  saljihur 

I.'irlilr  iriili'  of  copper    

Diclikirids  of  morcnry 

Protocbloride  of  rulphar. . . 
Sai-mimioiiiac  ,,,.,,.,., 


Chknido  of  pofcuaioa.. 


Chlorido  of  mdimn  

wilirer 

Protochloridc   of  tnemmy 

Chloride  of  lead 

Chlorida  of  harium  


Chknride  of  etrontitua  .  > . 
Chloride  of  caJdnm .,,.... 


Tcrehlarido  of  phoiplianu! 

Clii(.>n>»»iilphuno  and 

Di  -  bromide  of  mcroniy   . . 

Brttmide  of  p>tju«iuin 

Bri>mido  of  lead    

Pmtohroniida  of  meioirry 

Brotnidc  of  mJtot 

Di-  iodi  de  of  merctltf 

IcdiJa  of  potaB«iam 


lodjile  of  lead   

Fivtiodiile  of  inercory, , 
lodida  of  silver  ,..„,.,, 


SnlfdiaieUied  hyilrogeQ 
IH<«DpbJde  of  copper  ... 


CiaoHO 
KO,H0 
NaO.HO 

B0»,8H0 

SO»,H0 
80'JHO 

S*0»,HO 

CiiO,SO»,SHO 

MnO,S0\4HO 
CiiO.SO',SHO 
Mgfi.SO».7HO 
ZiiO,S0»,7H0 

N'H*(J,MiiO,2SO»,6HO 
KO,ZaO,2S0»,<lHO 
N  H*O,Nir),2SO\fiH0 

KO,Cu0.3SO'.ilH() 
NH^O,AtK)M.S0*.^H0 
K0^l'O»,4S0\2  IHO 

NH*0,F^O*,4aO'aiHO 

HP 

C»F 

AjiF* 

S*CI 

Cn"CI 

He*CI 

SCI 

NH'CI 

KCl 

NaCl 
AgCl 
HiCl 
PbCl 
Bad 

SiCl 
CaCl 

PCI" 

SO*Cl 

Hg*Bf 

KMt 

PbBr 

Hf^Br 

AgBr 

IT 

Pbl 
Bgl 
Ml 

HS 

Cu*S 


c 

Atomio 
Woigbt. 


mi 

40-3 
388 


4D 
££l 
6? 
73 

B3 
80-5 

1300 
1^-8 
ISA-? 

143-9 

m>-7 

lUa-6 

231-4 

litTS 

218-8 

U»0-8 

231 

453-4 

474-6 

5(i&'i 

480-4 
1»7 

131-3 

e7-4 

99 

238-3 
61-4 
53-4 

74-6 

fi«-B 
143.& 
13€'8 
13S-S 
l&t 

70-4 
55-9 

137-0 

er-4 

S81  3 

I17B 
1B22 

i-(;-8 

lS()-5 
838-8 
IGTi^ 

22SS 
2127-4 
33^4-1 

17 
78-6 


B         B 

Spec-  Orav. 


V2m 
Srim 

2(m 

4-S2@ 
1-479 

1-&15 
1-780 
1-633 
2-(«I0 
1-521 
3-322 

amn 

2-374 

i-rsi 

2-037 
1721 
1-1130 
2153 
11115 
2-123 
1'7'"'7 
3-137 
1-636 
i7S4 

i-&ie 

1-713 
1-061 

$im 

2730 
1-68" 

a'fi76 

C-D02 
lC2t) 

i-eoci 

1-528 
1-915 
1-915 
2(>78 
S-601 
&-4a3 
5'80a 

g7fti 

3-«0 

a-aio 

2-2U 
1-450 
1-069 
7-307 

e-030 
om> 

6'3a3 
7-ftll 

.rmi 
iiii21 
6-200 
6-036 
&-014 
0-900 
6-977 


Fd 
Dt 
Dt 
Hd 
Kw 


Dt 

Or 
Mt 
Mt 
KD 

Kp 
Ml 

Ms 

Kp 
To 
To 

Kp 

Kp 
Kp 
Kp 

Kp 

Kp 
Dt 

Ob 

Dm 
Kn 

K.n 
Dm 

Kn 
Kp 
Ku 
Kd 
Kn 
En 
Kn 
Bl 
Kn 
Kn 
Bl 
Dt 
Rt 
Kn 
Kn 
Kn 
Ka 
Kn 
Ktj 
Kn 
Bl 
Kn 
Kn 
Kn 
Bl 
Fd 
Kn 
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0-tW»f*G 
0-O07a 

0-0  IGd 

omja 

0-(i317 
11-0243 

o-oaoO 

0-02(1 
0-0368 

0-0178 
0-0182 
O-0I41 
0-0142 
00146 
flfl4U)5 
O-OCSftI 
0001/7 
0-O0i)7 
0-(t(t07 
0008» 
0-Utl!W 
0-(M13fi 
O'tMlM 

0053S 

it-mm 

00207 
O-OSGO 
i)*«371 
00293 
0-0315 
0-0381 
0'02a(l 
0-0257 
002311 
0-(W.->S 
00383 
0-0395 
0-<>»S 
0-0.?50 
0-0371 
0-0353 
0-0364 
0-03a« 
0-0105 
0-U67.1 
0-0360 
002CS 
0-0363 
0-03S9 
0-0340 
0-0233 
00176 
00187 
0-0362 
00^3 
0-fl2I4 
002^10 
0'0S2fl 
00751 


107 
414 

652 

ErU 

18* 

418 
352 
270 
3I)S 
2f]H 
80* 

198 
202 
15« 
158 
Ifll 
105 
110 
KI8 
KtlH 

107 
40 
40 
11 

-Vi 

tm 

278 
412 
Sih 
3G0 
313 
318 
285 
'M) 
391 
425 
-UO 
•Wl 
30S 
412 
Wi 
4IU 
'140 
117 
719 
3S0 
338 
403 
365 
378 

im 

308 
301 
303 
236 
267 
589 
834 


8,1 
1.1 
1.1 


i,l 
1. 1 
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103 
415 

563 


133 
309 


37S 
414 
336 

3-18 


203 

3S5 
417 
4-11 

4Ga 


117 

28? 
227 
417 

3^ 
379 
S59 
ISU 

295 
303 
241 

STB 
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IN>«tilp}iidi>  of  copper 
Buiphide  of  nuinganeie 

^—  lino    

cadntinm  


Proto«ulphi(le  of  tin SoS 


SiUpUidc  of  lead  

niokel 

Protoenlphide  of  copper 

Cinnabkr    

Stilphido  cf  (Mirer 

ailTor  and  oopper.. 

Bnlpfaide  o(  binnaui  . . 
Bianlphide  of  carbon  . . 
Itcalgar  

Moaaic  gold  

Iron  pjTites 

Orpimont   

TerBulpIiida  of  antimoa}- 

Permilphide  of  hydrogen 

Cobalt-glance 

Kiok«il-fflan<;«    

Rnbr-itilver  (light)  ... 
^(dark)    


Cn»S 
MnS 
ZnS 
CdS 


PbS 

NiS 

CuS 

HgS 

AgS 

Cu»Ag8« 

Bi»S» 

CS» 

Aug* 

MoS« 

Sn8« 

Fe8« 
1«8> 

8bS» 

HS» 

CoA«,CoS» 

NiA*,Ni8» 

8AgS,A8S* 

8AgS,SbS> 


c 

D 

E 

F 

G 

Atomic 

Weight. 

Spec.  GniT. 

Atomic  Nmnber.  f 

796 

5792 

Hr 

miTSH 

800 

4S-(; 

■lOmi 

Ms 

onoi7 

1(119 

48-2 

-1U2.3 

Kn 

0U613 

903 

71-8 

4{iU5 

Kn 

0-0611 

712 

4my 

Bk 

00668 

742 

75 

4-852 

Kn 

00617 

719 

5a!7 

Bl 

00702 

780 

1108 

7ot)o 

Kn 

0-0626 

6^ 

45-6 

5-200 

Uk 

01140 

1267 

47-8 

4163 

Kn 

o-a«i7i 

068 

117-4 

8-060 

Kn 

00686 

762 

12il 

6-850 

Kn 

0-0552 

613 

2037 

6-25.5 

St 

o-osw? 

311 

afio-8 

7000 

Kn 

00268 

2r«s 

:« 

1372 

Ui 

0-(«:i.i 

»72 

l«--2 

3r^U 

Kn 

oimi 

im 

80 

4  mo 

Hf 

00586 

651 

91 

4123 

Bl 

0OI88 

542 

4(i00 

Ku 

flOoOo 

561 

6»a 

fi  183 

Hf 

00875 

972 

1232 

a-kiO 

Kn 

()U280 

•111 

3-6on 

Bl 

0-0290 

829 

177 

4S34 

Bl 

00246 

272 

4763 

Kn 

O-OSfiO 

290 

81 

1-769 

Te 

00218 

212 

166-4 

6-298 

M» 

0-0378 

4S0 

1664 

6-S94 

Bt 

0-a378 

430 

400-6 

5-524 

Ms 

OOlll 

121 

M»-8 

5881 

M> 

00106 

118 

1.1 

1,1 
1,1 

2,0 

1,1 
1.1 

2,1 

•2,8 
l.t 
l.» 
1.1 

1.1 
l»l 


070 
879 
76S 

7S0 

set 

757 
OOi 

as 

S73 
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ns 


Although  the  numbers  in  cohimn  P  In^ar  to  one  anotbor  exactly  the 
sainc  ratio  a«  those  in  (J,  and  botli  may  therefore  be  used  fur  calculation, 
I  have  uevertheleBR,  in  the  following  compariHims  and  calculations,  confincxj 
myself  to  the  use  of  thoac  Lii  G,  because  these  numbers  admit  of  oom- 
parison,  not  only  with  those  of  table,  pag-e  GG,  hut  abo  with  those  of 
tables,  yiapres  !>3  and  55.  From  this  comparison  of  the  tables  wc  may 
tlraw  the  ftillowing-  conclm-iious  : — 

1.  A  space  which  will  contain  1  atom  of  hydrogen  in  the  gaseous  state 
is  capable  «>f  holdinij  the  fnllowiiif^  nnnilHTS  of  atoms  of  the  following 
compiiundH,  according  as  they  are  or  are  not  in  the  aeriform  stat^. 
Water  1  and  12.34;  carbonic  acid  1  and  41U;  sulphurous  acid  t  and  500; 
sulitliiirit'  nnifl  1  and  547 ;  arsenious  acid  2  and  420 ;  oxide  of  chlorine  | 
anti  247  ;  hy|)onitric  add  {  and  350  ;  sal-anunoniac  ^  and  312  ;  dichlo- 
ride  of  mercury  ^  atid  325 ;  protJK-hlthride  of  mercury  1  and  489  ;  tcr- 
chloridt'  of  j)ho8pbomB  ^  and  117  ;  cliloro-sulphuric  acid  1  aJjd  749; 
di-broniido  of  niercury  |  and  289 ;  proto-broniiilo  of  mercury  1  and  365 ; 
di*iodide  of  mercury  ^  •'"•'1  258 ;  pmt-iadide  of  merciury  1  and  SOS  : 
0Qlphun'tt<*d  hvdrojrcn  1  and  588  ;  cinnabar  \  uud  7C2  ;  bisulphide  of  carU^u 
1  and  504.  Tlie  hig;hest  degree  of  coiidfiiH.tlion  that  takes  plac^  in  thi* 
IMUWagi*  of  a  b«idy  from  the  gaseous  to  the  liquid  or  solid  state  amounts 
therefore!  to  1234  times  (water);  the  lowest  to  210  (arseniniis  ucid), 
Thcso  numlfora  also  nhow  the  iMC<irre<;tiiOKB  of  the  law  enunciated  by 
Pcrsoz  (page  57).  Since  1  litre  of  vapour  of  water  at  0*  weighs  0-80(»3 
gnuanuM  and  1  litre  c»f  water  1000  gr.,  Persfiz,  divides  the  wcigiit  In 
of  any  com{>ound  in  the  gaacous  state  by  0-8003  in  oraer  to 
q)eGific  gravity  of  the  same  oom(>ound  in  the  liqtiid  or  Mfid 
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state.  In  the  case  (A  sal-ammoniac,  this  mves  a  correct  result :  for 
\  :  812  =  1  :  1248,  or  according  to  Persoz,  1  Btre  of  sal-ammoniac  vapour 
weighing  1*196  grammes,  ^'/^  =  1"49  =  sp.  gr.  of  etel-ammoniac.  But 
Persoz  assumes,  in  opposition  to  experiment,  that  the  2-atomic  vapour  of 
arsenious  acid  and  the  1 -atomic  vapour  of  sulphide  of  carhon  are 
■^-atomic,  and  the  4^-atomic  vapour  of  calomel  is  ^-atomic,  in  order  to 
bring  out  results  tolerably  near  the  truth. 

2.  The  atomic  number  of  a  compound  is  generally  smaller  than  that 
of  either  of  its  elements.  The  only  known  exceptions  to  this  rule  are 
the  following :  potassium  245,  potash  625,  chloride  of  potassium  285 ; 
sodium  466,  soda  999 ;  chlorine  464,  chloride  of  silver  425,  proto-chloride 
of  mercury  439,  chloro-sulphuric  acid  749.  Such  condensation  therefor© 
shows  itself  in  those  substances  only  which  have  the  smallest  atomic 
numbers,  and  but  seldom  even  in  these. 

3.  Ammermtiller  has  shown  that  a  compound  of  two  substances  may 
often  have  a  new  quantity  of  one  of  them  added  to  it  without  perceptible 
alteration  of  volume,  so  that  the  specific  gravity  of  the  compound  increases 
just  as  much  as  the  weight  of  the  superadded  substance,  e.  g. : 

Cu» 5-108      Cu« 5-108  1  Hg» 10-284      Hg«  ....  10-284 

0. 0-648      C    1-285  I  0 0-406      0* 0812 

Sp.  Gr.   ..5-751  6-398  10-696  11096 

Sn  ^ 5-846      Sn 5-846  I  Pb 7-437      Pb 7-437 

0 0-793      0*   1-586  I  0  0-573      0 1-146 

Sp  Gr.    ..6-689  7-432  8-010  8-583 

It  appears  from  this  that  when  5-751  parts  of  suboxide  of  copper  take 
up  0-643  more  oxygen,  without  alteration  of  volume,  the  sp.  gr.  increases 
from  5*751  to  6-393,  that  is  by  0-642,  and  similarly  in  the  other  three 
cases.  With  some  compoimds,  however,  it  is  necessary  to  multiply  by  a 
fraction  in  order  to  determine  the  sp.  gr.  of  the  higher  compound  from 
that  of  the  lower,  e.  g.  : 

H 0-111        H 0-111      -aftQ    »- 1.117 

0 0-889        0» 1-778       1  009  •  f  ~  1  «7 


Sp.  Gr.    1-000  1-889 

The  observed  sp.  g^.  of  HO'  is  1-452,  which  is  still  somewhat  differ- 
ent from  1-417.  In  the  case  of  SnS  and  SnS»,  Hg«Cl  and  HgCl., 
Hg*Br  and  HgBr,  the  required  factor,  according  to  AmmermuUer  is  | ; 
in  that  of  AsS*  and  AsS*  it  is  |.  These  calculations,  however,  give 
nothing  more  than  distant  approximations  to  the  sp.  gr.  determined  by 
experfenent.  Moreover,  if  we  conpider  that  in  the  case  of  suboxide  of 
mercury,  Herapath's  determination  of  the  sp.  gr.,  which  differs  so  widely 
from  that  of  Earsten,  has  been  taken  as  the  l^is  of  the  calculation,  and 
in  that  of  protoxide  of  lead,  the  very  low  determination  of  Le  Royer  and 
Dumas,  which  was  made  upon  the  oxide  in  its  vitreous  st^  (and  perhaps 
therefore  containing  silica),  it  appears  very  doubtful  whether  these  few 
examples  ought  really  to  be  taken  as  the  foundation  of  a  law,  or  whether 
they  should  not  rather  be  regarded  as  purely  accidental.  On  the  other 
hand,  these  relations  may  be  most  conveniently  traced  by  means  of  the 
numbers  in  column  G  of  the  table.  The  atomic  numbers  are :  of  CuH) 
892,  of  CuO  1795,  therefore  nearly  double,  inasmuch  as  by  the  addition 
of  1  At.  oxygen  to  1  At.  Cu*0,  there  are  produced  2  At.  CuO;  of  Hg'O 


u 


AFFINITY. 


from  472  to  503,  of  HgO  1137,  the  same  proportion  therefore  but  not  so 
exact;  of  SnO  1101,  of  StiO»  from  Wi  to  1023;  of  PbO  9U  to  943, 
of  PbO*  825  to  852,  thorcfnrt!  tii-Hrly  equal  atomic  numbers:  of  HgK?! 
325,  of  HgCl  439,  =3:4;  of  llg'Br  289,  of  IlgBr  365,  =  4  :  5  ;  of 
Hg»I  258,  of  Ilgl  303,  =  5  :  G  ;  uf  Cu'S  834,  uf  C'uS  968,  =  6:7; 
of  AsO*  403  to  425,  of  AsO*  360,  =  15  :  14  ;  of  AsS*  368,  of  AsS*  311, 
=  5:4;  but  all  thoso  relations  arc  merely  upiKoximate. 

4.  Kcipp,  like  Le  Koyer  and  Duiuas,  makes  use  of  atomic  volumes 
(see  pag'e  57).  IIl*  formerly  deturniine*!  the  atomic  volume  of  a  com- 
pound by  Kubjeetiiig  those  of  its  elements  to  a  complicated  calcitlatton  by 
meang  of  various  <«M.>flicienti4 :  lately  he  has  for  the  most  part  approximated 
to  Schroder's  method  of  calculation. 

5.  Schroder's  I'/uory  of  Voltiuws.  By  dividing  the  equivalent  of  a 
substance  by  its  ajwcific  gravity,  Schroder  obtaiuw  tlii>  EqnivaUnt  vulvine, 
which  a^QPS  with  the  atomic  volmne  of  Kupji  in  value  but  differs  fr>im  it 
in  siji^ulication,  iiuismuch  as  equivalent- voliunea  may  be  aditpted  even 
when  the  atutiiic  tlH'orj*  is  discarded.  The  iiicuiiiiig'  tif  the  fenii  has  Ijcen 
already  explitine«l  (|'nf;e  57^.  The  atomic  vulume  or  OfiuivtileMt  volume, 
18  the  rcciimK'ul  of   the  atomic  number,  so  that  if  the  ati.tmic  number 

1 
^  Z,  the  equivalent  volume  may  he  denoted  by  -y--     Schroder's  e«iuiva- 

lent-vohmie,  or  Kopp's  atomic  vohmie  may  be  reduced  to  the  atomic 
numl>er  as  fiillows :  Hoth  are  founded  on  the  atomic  weights  of  BerzcUus 
(that  of  oxypen  =  100).  Thus,  for  fxample,  the  atomic  weight  of  sul- 
phur being  201 -IG  and  its  sp.  gr.  1-9H,  its  atomic  volume  is  20ri6  :  l-yS 
=  10r6.  If  no^v  the  atomic  weight  of  oxygen  =  6  irist<Mid  of  KH),  the 
equivalent- volume  must  Iw  dimiiiJKhed  in  the  ratio  of  100  :  8,  (100:8 
=  101'6  :  8'126.  Ilonee  if  the  atomic  weight  of  oxygen  =  8,  the 
equivalent  volume  of  sulphur  =  8-126 :  and  dividing  1  by  this  number 
we  obtain  the  atomic  numlxT  uf  sulphur,  viz.  0*1234.  In  the  table,  page  55, 
column  D,  the  atomic  number  of  Kulfihur  is  somewhat  greater,  viz.  0*1250, 
betjausc  the  atomic  weight  from  wliich  it  was  determined  was  rather 
smaller  and  its  sp.  gr.  greater.  In  order  then  to  reduce  the  equivalent 
volume  of  Schroder  to  the  atomic  number,  we  must  multiiily  l>v  y§^  and 
dix-ide  1  by  the  product;  and  convei-sely,  the  reciprocal  of  tlie  ati>mic 
nmnlH>r  given  in  this  work,  multi[)lied  by  ifJl,  gives  the  equivalent  volume 
of  ,Schro<Jer.  Now,  according  to  Schrtider.  the  eqnivaletit  volume  of  a 
oomp<Mind  is  equal  to  the  sum  of  the  equivalent  volumes  of  its  elements, 
with  this  limitation,  that  in  many  cases  tl>e  equiv.  vol.  of  one  or  the  other 
clement  requires  to  be  multi|tlied  by  some  fiictor  either  integral  or  frac- 
tional. The  application  of  this  law  will  be  seen  tn  the  following  examples,  in 
which,  however,  for  the  sake  of  easier  comparison,  the  atomic  weights  and 
•pecific^avities  of  the  tables,  pp.  55  and  68,  have  lK»en  used :  this,  hov^ever, 
nuAes  no  material  (hfferenee,  inasmuch  as  the  equivalent  volumes,  thus 
oMafaMKl  nwrely  require  to  be  midtijilied  by  -L|5,  iu  order  to  give  almost 
exactly  those  employed  by  St;hroder.  The  eq.  vol.  of  carKin  is  6  :  3'5 
=  1*714  i  of  ajlphur  16  :  2<XK)  =  8  ;  of  zinc  32-2  :  69154  =  4-658:  of 
leftd  lO.-^'K  :  11^889  =  91 14  ;  of  mercurj*  101*4  :  13*559  =  7*478.  That 
of  snlphidc  nf  carlMtn  is  38  :  1272  =  29*874  ;  of  sulphide  of  zinc 
48*2  :  3*923  =  12*286  {  of  sulpliido  of  lew!  119-8  :  7*505  =  15*962  ;  and 
vt  Mulphide  of  nienmry  =  14*566. 

Now  1  eq.  vol  anc  +  1  r<[.  vol.  su1]ihur  =  1  eq.  vol.  sulphide  of 
icorly  (4*658  +  8  =  12*65H).  8  cq.  vol.  carbon  +  2  eq.  vol  sul- 
«  1  eq.  vol.  sulphide  of  carbon  (2.8  +  6.  1*714  =  29*712)  i  1  eq. 
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vol.  lead  +'i  eq.  vol  aolphur  =  1  eq.  vol  sulphide' of  lead  (9-114  + 
f  .  8  =  15"514) ;  and  -^  eq.  vol  mercury  +  1  eq.  vol.  sulphur  =  1  eq. 
vol  cinnabar  (0-9  .  7-478  +  8  =  15-478). 

Conversely,  according  to  these  principles,  we  may  from  the  eq.  vol.  of 
a  compound  determine  the  eq.  voL  and  thence  the  sp.  gr.  of  its  elements, 
when  the  sp.  gr.  and  thence  the  eq.  vol.  cannot  be  determined  directly. 
In  this  manner,  Schroder  makes  use  of  the  compounds  of  oxygen  to  deter- 
mine the  eq.  voL  of  that  element  in  the  solid  state  ;  this  he  finds  =  33'8, 
which  must  be  reduced  to  2-704  if  the  atomic  weight  of  oxygen  be  made 
=  8.  According  to  this,  1  eq.  vol.  zinc  +  1  eq.  vol.  oxygen.  =  1  eq. 
voL  oxide  of  zinc  (4-658  +  2-704  =  7-362)  ;  if  now  we  take  Mohs' 
determination  of  the  sp.  gr.  of  oxide  of  zinc,  viz.,  5-482,  we  obtain  40*2 
:  5-432  =  7-417  for  the  eq.  vol.  The  eq.  vol.  of  potash  is  obtained  by 
adding  ^  of  an  eq.  vol  of  potassium  (39-2  :  0-865  =  45*318)  to  1  eq.  vol. 
oxygen ;  we  have  then  ^ .  45-318  4-  2-704  =  17*210 ;  the  calculation  of 
the  eq.  vol.  from  the  sp.  gr.  of  potash  gives  47*2  :  2*656  =  17-771. 

If  atomic  numbers  be  used  instead  of  equivalent  volumes,  Schroder's 
method  of  calculation  takes  the  following  form.  The  equivalent  volume 
of  a  substance  is  the  redprocal  of  its  atomic  number,  that  is,  if  the  latter 

=  Z,  the  former  =  ^  •  If  now  the  eq.  vol.  of  one  element  bo  denoted 
by  =;  and  that  of  the  other  by  =77  we  shall  have  for  the  sum  of  these 

ytt  rrt  ni     ,     nil 

magnitudes  „,  _„  +  _,  „„  =    „,  „„  .    Finally,  since  the  atomic  number 

is  the  reciprocal  of  the  equivalent  volume,  the  atomic  number  of  the  com- 

Z'  Z" 
pound  will  be  _,       _,,.    Hence  Schroder's  mode  of  calculation,  accommo- 
£1  •\-  £1 

dated  to  the  use  of  atomic  numbers,  gives  the  following  rule :  The  atomic 
number  of  a  compound  is  equal  to  the  product  of  the  atomic  numbers  of 
its  two  constituents  divided  by  their  sum.  In  those  cases  in  which, 
according  to  Schroder's  method,  we  should  not  simply  add  the  equivalent 
volumes,  but  previously  multiply  one  or  both  of  them  by  integral  or  frac- 
tional factors,  the  same  must  be  done  in  the  altered  form  of  the  method 
when  atomic'numbers  are  used ;  the  numerator  of  the  above  fraction  will 
remain  the  same,  viz.,  the  product  of  the  atomic  numbers  of  the  two  ele- 
ments, but  the  terms  of  the  denominator  must  be  multiplied  by  the  same 
factors  as  those  used  in  Schroder's  original  method,  taken  however  in  the 
reverse  order*.  Thus,  in  the  case  of  sulphide  of  carbon,  Schroder's  method 
requires  the  addition  of  8  volumes  of  carbon  and  2  of  sulphur ;  according 
to  the  method  now  under  consideration,  the  divisor  consists  of  twice  the 
atomic  number  of  carbon  +  8  times  that  of  sulphur.  A  few  examples 
will  show  the  application  of  this  method ;  the  atomic  nxunbers  are  those 
in  table,  page  55,  column  F,  and  those  in  the  last  table,  colimin  G.  The 
number  m  brackets  is  the  atomic  number  obtained  by  dividing  the 
specific  gravity  of  the  compound  by  its  atomic  weight  and  reduced  to 

*  Let  Z'  Z"  be  the  two  atomic  nnmberB,  m',  m"  the  corresponding  fiictors :  then 
we  b*Te 

1  1        m'  Z'  +  TO'  Z' 


TO' +   TO"  —  = 


Z'  Z"  Z'  Z" 

Z'Z" 

the  reciprocal  of  which,  i.e.  the  atomic  number  of  the  compound,  ia  — jf-y. y^ 
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the  standard  of  hydrogen  g'aa,  as  given  in  the  last  table,  colnmn  G ;  it 
serves  for  comparison  with  the  result  vi  the  calculation. 

ZiiS  (238«  .  1388)  :  (  2386  +  1388)  =  878  (903) 
AeS  (1071  .  1388)  :  (  1071  +  1388)  =  GOi  (613) 
CS»   (6481  .  1388)  :  (2  .  6481  +  8  .  1388)  =  373  (372) 

The  reBuIts  obtained  by  the  application  of  this  method  to  the  more 
important  com|)onnd8  are  given  in  columns  H  and  1  of  tiie  table.  Column 
II  shows  the  factors  by  which  the  terms  af  the  divisor  must  be  multiplied 
to  obtain  an  appmximate  result.  The  number  on  the  left  apphea  to  the 
atomic  niunlxr  of  the  element  which  g'oea  first  in  the  formula  in  cohiiim  B; 
that  on  the  right,  to  the  element  wiijch  stands  last  in  thti  Barnc  formula. 
Op[x)8itc  cinnabar,  for  instawce,  we  find  It  -^5;  this «howg  that  the  product 
01  the  atomic  nnmb<»ra  of  mercury  and  sulphur  nnist  l>e  divided  by  the 
atomic  number  of  mercury  +  -^  of  that  of  Hulphur.  Coliunn  I  gives  the 
result  of  this  calculation,  which  is  to  be  c<impared  with  the  atiimic  num- 
ber in  column  G.  The  inuUipliers  used  are  in  some  crises  the  same  as 
those  usetl  hy  Schroder,  in  others  differuiit,  ouaccnunt  of  difference's  in  the 
specific  gravities  and  atomic  weight*  adopted  in  the  calctjhition.  The  atomic 
numl»er  of  oxygen  has  been  assumed  =  420U,  tluil  of  hydrogen  =  1747, 
and  that  of  nitric  acid  =  364. 

A  survey  of  the  taltle  shows  that  the  terms  of  the  divisor  must,  in  by 
far  the  greater  nntulM'r  ^f  iuutanccs,  be  multiplied  by  certain  factors  in 
order  to  obtain  the  desired  <]uotient8  ;  and  it  is  easy  U)  see  that  if  we  arc 
allowed  to  alter  the  divisor  by  multi])lying  its  two  tenns  by  any  whole 
numbers  or  fractions  that  we  please  ti>  assume,  we  may  always  obtain  a 
near  apjjroximation  to  the  desireil  atomic  number,  whatever  may  1)0  the 
product  obtained  by  multiplying  together  the  atomic  numbers  of  the  two 
constituent  elements.  The  same  remark  a]iplieH  to  Bcli riider's  method  in 
its  oripfinal  form,  in  which  the  equi\alent  volumes  l)efore  addition  may 
be  multiplied  by  any  numbers  or  fiactions  whatever,  and  thus  any  de- 
8m*d  sum  uiay  bo  produced.  The  multiphers  which  Schriider  usml  in  liU 
calculations  are  2,  3,  4,  6,  8,  15 ;  |,  |,  f ;  |,  |,  f  ^ ;  J,  f ;  f,  f  V  J  4  J  and 
the  use  of  these  midtiphers  does  not  appear  to  foUow  any  regidar  law. 
Although,  in  lixdring  over  these  very  ronmrkable  c4ilculation.s  of  Schroder, 
it  cannot  fail  to  strike  us  that  the  eiiuivalent  volume  of  a  compound  is  in 
many  eases  obtained  by  simple  addition  of  those  of  its  elements,  the  value 
HO  detennined  Iwing  very  neurly  equal  to  that  which  results  from  dividing 
the  atomic  weight  by  the  specific  gravity,  still  as  the  densities  which  give 
thme  results  are  not  always  those  determined  by  the  most  trustworthy 
observations,  and  as  in  the  greater  number  of  cases,  it  is  neccssaiy  to 
multiply  by  the  most  various  numbers,  it  must  remain  doubtful,  so  long 
as  thes*'  multiphers  cannot  be  shown  to  follow  any  regidar  law,  whetlier 
this  modi"  of  oJtIculatirtn  rests  upon  any  rational  ftmndation. 

6.  Finally,  I  add  my  own  method  of  considt'ring  these  relational 
which  will  at  least  s«"r»X'  to  kIiow  that  they  admit  of  various  modes  of  cal- 
culation. It  may  be  oxijectetl  that  in  the  combination  of  two  bodies  of  dif- 
ferent atomic  numWrs,  one  rif  which  tends  tu  fill  the  «f>ace  with  a  larger, 
the  other  with  a  smaller  numb«.'r  of  atvims,  the  result  actually  pnxluced 
will  Ik>  a  mcttn  between  the  two.  Since  however  a  annpound  atom  occu- 
pies more  spac*-  timn  a  simple  one.  and  more  esjHX'ially,  sitice,  by  reason 
of  the  greater  Tiund>er  of  atoms  eoin];)08ing  it,  its  attraction  for  heut  is 
flixoflgiBr,  and  causett  a  mon;  abundant  collection  of  that  element  around 
itf — tho  interstitial  spaces  will  from  that  cause  be  enlarged,  and  the  number 
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of  aUuDB  in  a  given  Bpaoe  probably  diminished  according  to  fixed  laws. 
This  diminution  appeals  to  vary  as  the  square  of  the  number  of  atoms 
which  make  up  the  compound  atom ;  not  however  exactly,  but  subject  in 
many  cases  to  marked  exceptions. 

The  following  examples  serve,  as  far  as  they  go,  to  establish  this 
view.  In  the  combinations  of  1  At.  of  a  metal  with  1  At.  sulphur,  this 
law  would  require  us  to  add  the  atomic  numbers  of  the  metal  and  sulphur 
and  divide  the  sum  by  4,  i.  e.,  the  square  of  2,  since  the  compound  atom 
consists  of  2  simple  atoms ;  but  the  divisor  is  never  exactly  4,  and  varies 
from  3*6  to  4*6.  Within  the  brackets  is  put  for  comparison  the  atomic 
number  of  the  oompoand  obtained  by  dividing  the  specific  gravity  by  the 
atomic  weight  and  reduced  to  the  standard  of  hydrogen  gas. 

SnS  (1878  +  1388)  :  3-6  =    767  (719  to  780) 
PbS  (1218  +  1388)  :  3*7  =    705  (695) 
NiS   (8242  +  1888)  :  8*7  =  1251  (1267) 
HgS  (1485  +  1388)  :  3-8  =    756  (762) 
AgS  (1071  +  1388)  :  4     =    602  (613) 
CSa  (1719  +  1388)  :  4*2  =    789  (710  to  742) 
ZnS   (2886  +  1888)  :  4-2  =    899  (905) 
MnS  (3220  +  1388)  :  4*6  =  1002  (1019) 
CuS   (3046  +  1388)  :  4-6  =    964  (968) 

In  disulphide  of  coppser,  Gu*S,  2  atoms  of  metal  are  combined  with 
1  At.  suli^ur :  in  bisulphides,  1  atom  of  metal  with  2  atoms  of  sulphur : 
and  since  in  these  compounds  the  number  of  simple  atoms  composing  the 
compound  atoms  is  3,  the  divisor  ought  to  be  9  :  it  varies  however,  as 
follows : — 

Cu«S  (2  .  8046  +  1388)  :  9  =  831  (834) 
FeS»  (  8203  +  2  .  1388)  :  6  =  996  (972) 
MnS»  (  1991  +  2  .  1388)  :  7  =  681  (651) 
SnS«  (  1873  +  2  .  1388)  :  8  =  519  (542) 
AsS»   (        880  +  2  .  1388)  :  10  =  366  (368) 

In  combinations  of  1  At.  metal  with  3  At.  sulphur,  the  divisor  should 
be4.4=:  16: 

AsS»  (880  +  8  .  1388)  :  16  =  815  (811) 
SbS»  (576  +  8  .  1388)  :  17  =  278  (272) 
With  2  At.  metal  and  3  At.  sulphur,  the  divisor  should  be  5  .  5  =  25  : 
Bi»S»  (2  .  1024  +  3  .  1888)  :  20  =  311  (298) 

The  mode  of  calculation  being  sufficiently  exhibited  in  those  exam- 
ples, it  will  be  enough  in  those  which  follow  to  give  the  chemical  formula, 
the  proper  divisor,  and  the  resulting  atomic  number,  together  with  that 
found  from  the  specific  gravity  (in  brackets) : 

KI  :  3-5  =  193  (195).— Pbl  :  5-6  =  295  (291).  -Hgl  :  6'3  =  805 
(808).- Agl :  6-3  =  239  (238). 
Hg»I  :  9  =  262  (258). 
KBr  :  3  =  223  (228).--PbBr  :  4  =  410  (403.)— AgBr  :  4  =  374 


Ig»Br  :  8  =  291  (289). 

KCl  :  2-3  =  287  (285....289).— NaCl  :  3-2  =  384  (896).— PbCl : 
3*5  =  467  (464).— AgCl  :  3*5  =  424  (425).— HgCl  :  44  =  432  (439). 
SCI :  6  =  861  (351). 

CuKn  :  9  =  431  (412).— Hg'Cl  :  7  =  331  (325).— S»C1  :  11  =  290 
(278).— PC1»  :  16  =  117  (117;. 
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In  the  connx)Uiid8  of  bromitu?  and  cliluino  (the  latter  more  particularly) 
the  diviHor  is  too  much  holow  its  unniial  value,  possibly  bet-ause  the 
atomic  numbers  of  these  compounds  have  been  determined  from  their 
Bpecific  gravity  in  tlie  liquid  state,  and  may  therefore  be  too  small.  It  is 
also  worthy  of  remark  that  the  divisor  always  has  its  smallest  values  in  the 
combinations  of  p<itassium  and  si>diuni  with  iodine,  bromine  and  chlorine  ; 
then  follows  lead,  then  silver  and  then  mercury. 

It  is  p«5«8ible,  according;  to  thift  view,  to  calculate  the  hypothetical  atomic 
number  of  oxygen  from  its  combinations  ;  but  different  compounds  give 
widely  different  results,  the  numbers  thus  fouml  varying  from  1900  to 
4100 ;  and  since^  whatever  number  is  assumed  as  the  true  one,  the  oxygrn, 
compounds  exhibit  relations  differing  from  one  another  nmch  more  widely 
than  those  above  considered,  it  seems  better  to  leave  this  hypothetical  part 
of  the  calculation  on  one  side  till  the  causes  which  may  alTcet  the  magni- 
tude of  the  diviHor  shall  have  been  lietter  ascertained.  The  great  varia- 
tion in  the  results  will  be  seen  from  the  fullowiug  examples.  Since 
according  to  the  law  under  consideration,  the  atdniic  number  (tf  ujtietaiUc 
oxide  should  be  found  by  adding  the  atoriuc  number  of  the  metal  to  the 
atomic  number  of  oxygen  and  divitUug  the  sum  by  1,  (the  oxide  Iwiug 
Buppose^l  to  aintaui  1  At.  mela!  and  1  At.  oxygen,)  it  follows  that,  if  we 
multiply  the  atomic  number  of  sueb  a  metulltc  oxide  by  4  ami  subtiuct 
the  at4>mic  number  of  the  metal  from  the  piuduel,  the  ri'iuainder  will  bo 
the  atomic  number  of  oxygen.  By  treating  different  metallic  oxides  iu 
this  manner  we  obtain  the  following  results  :  Potash  ;  ((52.5  .  4)  —  245  = 
2251.  Soda  ;  (999  .  4)  —  4GG  =  3.'>20.  Oxide  of  zuic ;  (1548  .  4)  -  2386 
=  3806.  Oxide  of  copi>er  ;  (1795  .  4)  —  304(>  =  4136.  SutK^xide  of 
copper  CuH),  in  which  there  are  3  atoms  and  consequently  the  divisor 
=  9,  gives  (892  .  9)  —  2  .  304G  =  1936. 

The  same  method  apj)lied  to  compounds  of  the  second  order  gives  the 
fuUuwing  residts  : 

Auhfilrvui  Carbonatrjf.  BaCCO"  (C87  -|-  419)  :  2'3  =  481  (484).— 
SrO.CO*  :  2'3  =  647  (543).— C'aO.CO*  (Arragonite)  :  2-5  =  6C0  (664). 
PbO^'O*  :  2-5  =  533  (533).— ZuU,CO«  :  2'5  =  787(781 . .  .790).— AgO,C0».: 
2-5  =  484  (189).— KO,a)»  :  28  =  373  (363).— NaO,(H)'  :  2«  =  507 
(514).— C^'iCtUJ'CCalcspar):  2-8  =  590(599).— MgO,CO> :  2-8  =  766(797). 
— MnO,(;0*  :  2-S  =  673  (684.— Here  the  divisor  varies  only  from  2*3  to  28 : 
that  it  ifl  not  equal  to  4,  mnv  perhaps  arise  from  the  atomic  number  of 
carbonic  acid  having  been  «ileidnte<l  from  its  siK-cific  gravity  in  the  liquid 
■tate:  there  can  be  no  doubt  tliat  the  sp.  gr,  and  therefore  also  the 
atomic  numU'r  of  solid  carbonic  arid  is  mnch  greater. 

AiJiydroug  Sulphata.  BaO,St>»  (687  +  547)  :  31  =  388  (400  .- .428). 
— SrO,S(>»  :  32  =  433  (433).— PbO,SO»  :  3'3  =  451  (451).— TaO.SO*  : 
8-5  =  479  (474).— AgO.SO* :  3-5  =  382  (380).— KO,S(>» :  3-5  =  .S37(384). 
— NaO,St>»  :  3-7  =  418  (410).— ZnO,SO»  :  4-5  =  473  (471).  MgO,SO*  i 
4*7  =  482  (477).— CuO.SO*  :  47  =  498  (498). 

AnJit/dnniJi  Xiiratm,  tlie  atomie  numlx'r  nf  nitric  acid  b«»ing  hypolhe- 
tically  osHtuned  =  3«Mi,  BaU.Nt)*  (687  +  300)  :  37  =  207*  (271). 
.Sr«J,N't)» :  3-9  =  293  (294).— Ag<KN()»  :  3-9  =  279  (284).— KO,NO*  :  4  = 
231  (225 ....230).— PlO,N0«  :  42  =  300  (294).— Na(),NO*  :  4-4  =  295 
(290), 

In  all  the«e  ihrf*  grroups,  the  Hftlt«  of  baryta  and  strontia  require  tlie 
naatloat  iliviHors ;  thm  follow  oxide  of  silver  and  pMitash,  then  soila,  then 
igBMia;  the  prtftition  of  lime,  oxide  of  lead^  and  oxide  of  zinc  is  variable. 

Hydrates     K0,I10  (625  -»-  1234)  :  4-5  -  413  (414).— NaO.IIO  :  4  = 


DKNSITT  OP  COMPOUNDS.  79 

658  (552).— SO»,HO  :  4-2  =:  424  (418).— S0»,2H0  :  12  =  261  (252). 
— S0»,8H0  :  16  =  266  (270).  These  cases  are  nearly  in  accordance 
-with  tlie  law  ;  the  divisor  of  SC)*,2H0  should  however  be  9  instead 
of  12.  The  firat  hydrate  of  nitric  acid  does  not  give  so  close  an  approxi- 
mation :  NO»,HO  (800  +  1234)  :  6-7  =  269  (268).  For  gypsum  we  have 
CaO,SO»  -t-  2H0  (474  +  2  .  1234)  :  10  =  294  (298),  the  divisor  being  10 
instead  of  9. 

The  law  thus  developed  may  be  expressed  by  the  following  formula : 

(:r  +  y)«  -^ 
in  which  71  denotes  the  atomic  nimiber  of  the  first  clement,  Z"  that  of  the 
second,  Z"'  that  of  the  compound,  x  the  number  of  atoms  of  the  first 
element,  y  that  of  the  second,  which  make  up  the  compomid  atom.  In  the 
application  of  this  law,  striking  deviations  are  apparent,  as  may  be  seen 
from  the  foregoing  calculations.  The  most  remarkable  exception  is  pre- 
sented by  sidphide  of  carbon,  CS»;  (6481  +  2-1388)  :  25  =  369  (372); 
here  the  divisor  is  25  instead  of  9,  as  if  the  number  of  atoms  in  the  com- 
pound were  5  instead  of  3.  Even  allowing  that  many  exceptions  may 
arise,  partly  from  errors  in  the  supposed  atomic  weights  of  the  simple 
substances,  partly  from  incorrect  determinations  of  the  specific  gravities 
of  these  simple  substances  and  their  compounds,  the  law  must  still  be 
looked  upon  as  far  from  the  truth ;  it  must  needs  be  modified  by  many 
cucumstances  of  much  greater  importance  than  those  just  noticed,  and 
not  till  these  circumstances  have  been  discovered  and  reduced  to  calcula- 
tion, shall  we  be  able  to  regard  the  law  as  established  on  a  proper  founda- 
tion. The  different  degrees  of  cohesion  in  com{X)unds  and  their  elements, 
and  their  different  attractions  for  heat,  would  probably  be  found  of  parti- 
cular importance. 

It  is  to  be  wished  that  this  matter  could  be  subjected  to  careful 
mathematical  analysis :  the  foregoing  table  might  furnish  the  required  data. 

\  The  study  of  the  relation  between  atomic  weight  and  density  has 
received  some  important  additions  since  the  publication  of  the  last  edition 
of  this  work.  Of  the  researches  of  Kopp,  Schroder,  Lowig,  and  others  of 
the  continental  chemists,  an  elaborate  account  is  given  ui  the  report  of 
Professor  Otto,  a  translation  of  which  appears  in  the  volume  of  Reports 
and  Memoirs  lately  brought  out  by  the  Cavendish  Society.  The  recent 
memoir  of  M.  Filhol  {N.  Ann.  Chim.  Ph/s.,  21,  415),  included  in  the 
same  volume,  likewise  gives  a  re>'iew  of  the  labours  of  previous  experi- 
menters in  this  branch  of  science,  and  adds  some  interesting  results 
obtained  by  the  author  himself.  I  shall  here  notice  some  of  the  leading 
points  in  M.  Filhol's  memoir. 

The  author's  calculations  are  founded  on  the  following  atomic  weights 
and  densities, — the  latter  determined  by  his  own  experiments. 

Atomic  Weights  (0  =  100) 


fiuiam 864-85 

Cadmium 696-17 

Calcium  250-00 

Carbon  7600 

Chlorine    44302 


Magnegium   167*76 

Manganese    344*44 

Mercury 1250*90 

Potassium 488*84 

Silver 184901 


Chromium 249-83  i  Sodium    ■  287*17 


Copper 89600 

Iodine    1685*57 

Iron    , 850-00 

Lead 129460 


Strontium 645-60 

Sulphur 20000 

Tin 78603 

Zinc   406*69 


80  AimitT. 


lodieadd 4««  j 

AtMnkMaadd S'fM - 

Aneiueaeid 4-SM 

Pratozideorbuiai    Stf* : 

«-«ll 

H». 

;;       ataMBOk 4-im; 

Biae S-«li' 

lead run 

Bi*ozideoreoppervl>laefc«n'*)   -  <-«33  , 

Aal^Tdroaa  eUotide  of  potaaiaM  ..  I'M! 

„        aodiBB   ....  M40: 

_  _        bariaa    ....  9^TS0' 


I  ....  r±4i»\ 

Iodide  of  potaanaa S-OM  [ 

,       aodiam »«0  , 

„       bariaa 4^17  1 

„     lead  rss* 

„       mereaiy  (HsI-*)    rtSO 

.       ailTw 8-*»| 

MoooaolpUdeorpotaariBM    S-I30 

aodiam 1-471 

CkitoBateofpotaA S-M7 

■oda    «0» 

„  baiTta 4-««5 

AmkTdnMiiBlpluteorpoiMk    ....  >-«a5 

aod.   W2» 

„  „         atittatia 3*770    ClTmlliied  aiUata  af  rtnatia 

„  »         Ime   S-IOS  ^  ,        lime. 

„  „         wgafait    ..  t'CSS    Aakydiaaa  bonx ...,. 

„  „         aae. 3-400 !  Cij^aiUaed  bonx    1-«M 

Most  <rf  these  denadee  agree  verr  well  with  those  focmeriy  detennined 
by  BouUay,  Mohs,  Karaten,  Jcc  but'  there  are  some,  e^^  those  of  bvyta 
•nd   Btrontia,  which  di£Fer  oonsidenkbly  from  foniier  detenuinatioDS,*  u 

will  be  seen  by  refereooe  to  the  table*  pp.  68 72.    Now  it  has  been 

shown  by  Kopp  that  aU  the  metals  enter  into  combination  without  dumge 
of  volume,  with  the  exception  of  potassiimi,  sodium,  barium,  strontium, 
magnesium,  calcium,  and  aluminum.  With  regard  to  baritmi  and  stron 
tium,  it  must  be  observed  that  the  volumes  which  Kopp  assigned  to  these 
metals  were  deduced  from  the  specific  gravities  of  baryta  and  strontia  as 
determined  by  Karsten.  Filhol  however  shows  that,  by  ad<^>ting  the 
densities  given  in  the  preceding  table,  barium  and  strontium  may  be 
removed  from  the  list  of  exceptions.  Thus,  the  density  of  baryta  being 
6'456,  its  e<^uivalent  volume  b  VfiV  —  1"5,  and  estimating  the  volume 
of  oxygen  m  these  oxides  at  82  (Kopp,  .V  ^aa.  Chim,  PM^.  4,462)  we 
have  for  the  equivalent  volume  of  barium,  175  —  32  s  143.  Similariy 
for  strontium,  the  equivalent  volume  of  strontia  being  WVt'  =  ^*^  **» 
equivalent  volume  of  the  metal  is  140  —  32  =  108 :  and  these  are  the 
volumes  witli  which,  aocordiug  to  Kopp,  the  metals  barium  and  stioutiom 
enter  into  other  oombiuatiuns. 

Schroder  has  remarked  that,  if  from  the  equivalent  volumes  of  a  seriea 

-nalogfius  compounds  (oxides,  chlorides,  &c.)  the  volume  of  one  of  the 

mta  be  deducted,  a  constant  remainder  is  often  obtained  for  the 
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elements  ocnmnoii  to  the  whole  series.  On  applying  this  process  to  nitrata 
of  silver  and  nitrate  of  lead,  and  dedacting  the  cquivaleDt  volumes  of  the 
metals  contained  in  these  salts,  a  constant  remainder  358  is  left  for  the 
radical  NO*.  If,  on  the  other  hand,  the  equivalent  volumes  of  the  oxides 
be  deducted,  the  silver-sdt  rives  for  N0»  the  remainder  294,  and  the 
lead-salt  326.  Kopp  regards  this  as  an  arg^icnt  in  favour  of  the  theory 
of  hydrogen-adds.  Klhol,  however,  shows  by  nnmcrous  examples  that 
with  regard  to  a  considerable  number  of  salts,  the  subtraction  of  the  volume 
of  the  ^«e  leaves  a  constant  residue  for  the  oxygen-acid.  Thus  sulphuric 
acid  aTO)ear8  to  have  two  different  volumes  in  combmation :  the  sulphates 
of  lead,  baryta,  potash,  and  strontia  give  for  SO*  the  remainder  154,  those 
of  copper,  zinc,  lime,  magnesia,  and  soda  give  204. — The  chromates  of 
lead  and  potash  give  for  CrO*  the  remainder  196.  "  The  tungstates  of 
lead  and  Eme  give  WO*  =  212. — The  carbonates  of  cadmium,  iron,  man- 
ganese, lead,  zinc,  baryta,  lime,  magnesia,  potash,  soda,  strontia,  and 
the  double  carbonate  of  lime  and  magnesia,  give  for  carbonic  acid  the 
volume  119 ;  and  lastly,  the  nitrates  of  lead,  anunbnia^  potash,  soda,  baryta 
and  strontia  give  for  NO*  the  volume  326.  The  discrepancy  wliich  occurs 
in  the  case  of  nitrate  of  silver  is  attributed  by  FiUid  to  an  error  in  the 
determination  of  the  density  of  oxide  of  silver.  On  the  whole,  therefore, 
tiie  results  of  these  calculations  cannot  be  regarded  as  decidedly  favour- 
able to  either  theory  of  the  constitution  of  salts  in  preference  to  the 
other. 

Illhol  likewise  points  out  some  remarkable  relations  with  regard  to 
the  changes  of  volmne  which  take  place  in  combination.  Thus  with 
regard  to  the  chlorides :  let  P  denote  the  atomic  weight  of  chlorine,  d  its 
density ;  P  the  atomic  weight  of  the  metal,  d'  its  density ;  and  A  the 
denmty  of  the  diloride  on  the  supposition  that  the  elements  unite  without 

_(P  +  PQ  dtf 


change  of  volume :  then  A 


Fd  +  P'rf 


If  now  D  denote  the  density  of  the  chloride  determined  by  experiment, 
we  always  find  D  >  A,  and  "T  expresses  the  coefficient  of  con- 
traction. 

The  same  method  is  applicable  to  other  compounds  (sulphates,  cj^rbo- 
nates,  &c.).  The  following  table  contains  a  senes  of  results  obtained  in 
this  manner.  The  density  of  chlorine  is  estimated  at  1-35,  being  the  mean 
of  the  results  obtained  by  Faraday  and  Earsten,  viz.  1-33  and  1*38;  that 
of  carbonic  acid  at  0*83. 


Name  of  Compoand. 

Density 

by 
Calculation. 

Density 
Experiment. 

Coefficient 

of 
Contraction. 

1.  Cbloridet. 

1-039 
1169 
2-825 
2-266 
1-702 
S-928 
8-920 

1-994 
2-240 
3-750 
2-960 
2-240 
6-641 
6-580 

0-478 

Rn<iinni       

0-477 

Barinm .--.--  ......  .••■••••••  •• 

0-265 

Slntntjiini 

0-234 

OUrf  am    -  t 

0-240 

Lead 

0-291 

Silrer    ....• 

0-291 

TOL.  I. 

O 

» 
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Name  of  Compooad. 


S   Smlpkatet. 

MagneiU 

SSine 

Copper 

BhtU 

StroaU*    

Ltmo. 

LMd 

S.  Carbemite$. 

BuTto 

Btrontto   

Une 

hmi 

Ondmiiiiii . .  ................ 

Magnetift 

MugUMM    

Zinc 

4.  fffdmk$. 

BliTjita  (BiiO,nO\    

Strontlo  {SrO,HO) 

Lioie(C»O.H0) 

Magnena  ( Bmcitc) 

Alumina  (tijffiuLe) , 

JLlutnin*  (Al-U\SHO)    

Zinc  (EnO^HO) 

lUryU  ( BftO.ftlTO^ 

BtroniU  (SrO,t)Hoj 

5.  CrydaUized  Svlpkata. 

Sodft 

Xagnetia 

Lime 

One 

Iron 

Copper  

8.  OytUOked  Chloridea. 

Strontinm 

Bwiam 


Deiaity 
CalraUtion. 


S-S6« 
8-920 

S-S93 
S-901 
S-8«6 
4-7» 


2*660 
1-949 
1*416 
S-491 
S-7M 
1-298 
l-»t4 
1-800 


8-718 
S-980 
2-293 
S-830 
S-400 
1-780 
8-484 
2-288 
1-911 


1-520 
1-761 
2-881 
2-086 
1-904 
2-280 


1-920 
8-160 


DeiMity 

by 

EzperimeBL 


2-028 
8-400 
8-530 
4-440 
8-770 
8-102 
6-SOO 


4-505 
8-010 
2-720 
0-470 
4-456 
2-900 
8-691 
4-416 


4-495 
8-625 
2i>78 
1-920 
1-989 
1-450 
8-058 
1-650 
1-890 


1-876 
1-484 

2-099 
1-658 
1-546 
1-829 


1-008 
2-640 


CoeScieBt 

of 
Contnctum. 


0-187 
0-140 
0-152 
0-230 
0^80 
0-245 
0-249 


0-487 
0-400 
0-477 
0-459 
0-880 
0-668 
0-657 
0-681 


0-17« 
0176 
0-098 
0178 
0171 
0-188 
0-110 
0-270 
0-209 


0-098 
0-180 
0-099 
0171 
0188 
0-199 


0166 
0-166 


It  will  l>c  seen  from  thia  tabic  that,  m  a  very  large  number  of  cases, 
inf!<.i«-ri.lt.iitly  of  all  bypoilit  ».i*.,  the  cocflScients  of  contraction  of  thoro 
Of.ii.f..titMlB  whiL-h  mnat  strongly  resemble  one  another  in  a  chemical  poiiit 
of  View,  an>  m«tisi1>|y  the  EUitoe.  F«~»* 

It  nmy  liicowmi.  V  obiwryed  that,  in  a  certain  nnmbor  of  cast- «.  tlie  ratio 

Ju  Zi^n  ^r  r  t^f  ''"•'""H''*'  ^f  ^^'■**^"  c"mpi>und«  of  tlu.  «.ui.o  kind  fa 
the  Haino  as  tliat  which ,xmi»  |>t.twecn  the  densities  dt^termim-d  bv  iiperi- 
ment.  llenoe  we  may  adcuUt^s  d  priori,  the  di-UBitio*  of  ctXn  Sto 
according  to  those  of  tJK-.r  ukmcnts,  and  that  of  a  salt  of  the  Mmc  sp^ 
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faaTmg  ft  dose  analogy  to  the  f  oraoer :  In  such  a  case,  we  haye  in  f  act— ^ 
A:A'  ::  Driy;— thuafor 

Chloride  of  sodinm As  1-169,  D  =  2*24 

„         potassium      .  A'=  1*039 
and       1-169      :      1-039      ::     224:      :      1-990 
The  density  of  the  latter  salt  by  experiment  is  1*994  (vid.  p.  80) ;  accord- 
ing to  Earsten,  it  is  1*915 ;  according  to  Kopp,  1-945. — ^Again  for 

Sulphate  of  baryta A  =  3-393,  D  =  4-44 

„         strontia  ....  A'=s  2-901 
and     8-898     :     2-901      ::      4*44      :       3*796 
The  experimental  result  is  8*77 ;  Karstcn  makes  it  8*59,  Broithaupt  8-95. 

Other  examf^es  might  be  adduced,  but  the  relation  thus  developed  is 
not  sufficiently  general  to  constitute  a  law.  ^ 

In  coiudusion,  M.  Filhol  remarks  that  the  subject  of  the  relation 
between  atomic  weight  and  density  is  not  so  far  advanced  as  has  been 
imagined, — ^that  it  is  easy,  by  shghtly  altering  the  numbers  which  form 
the  bases  of  these  calculations,  to  obtain  results  of  very  fascinating  uni- 
formity :  but  this  very  circumstance  ought  to  create  distrust  of  such 
results;  for  it  is  extremely  difficult— considering  the  great  number  of 
causes  of  error,  often  inevitable,  which  beset  these  calculations — to  attain 
that  degree  of  exactness  which  apparently  belongs  to  many  of  the  results 
which  have  been  put  forth  in  connection  with  this  subject. 

A  series  of  elaborate  memoirs  on  atomic  volume  and  specific  gravity 
has  been  published  by  Messrs.  Playfair  and  Joule  in  the  Memoirs  and 
Quarteriy  Journal  of  the  Chemical  Society  of  rx>ndon.  {Chem.  Mem.  2, 
477  ;  8,  54  and  199  ;  Qu.  /.  of  Chem.  Soc.  1,  121.)  The  principal  results 
conUuned  in  these  memoirs  are  as  follows : 

I.  The  wlutnes  of  salts  in  solution  are  eUher  equal  to  each  other,  or  are 
muUqtlea  one  of  the  other. 

If  9,  the  atomic  volume  of  water  (atomic  weight  of  hydrogen  =  1)  be 
assumed  as  the  standard  of  comparison,  this  law  may  also  be  thus  ex- 
pressed :  Compounds  dissolved  in  water  increase  its  volume  either  by  d  or  by ^ 
multiples  of  9. 

a.  Certain  salts,  such  as  the  magncsian  sulphates,  the  alums,  &c., 
dissolve  in  water  without  increasing  its  bulk  more  than  is  due  to  the 
liquefaction  of  the  water  which  they  themselves  contain. 

b.  Anhydrous  salts,  or  salts  contauiiug  a  small  proportion  of  water 
occupy  in  solution  a  number  of  volumes,  which  pass  along  with  them 
unchiuigcd  into  their  imion  with  other  salts. 

c.  The  volume  occupued  by  double  salts  when  dissolved  is  (with  certain 
exceptions)  the  sum  of  the  volumes  occupied  by  their  constituents  when 
separate. 

II.  The  volumes  of  solid  bodies  bear  a  simple  relation  to  each  other,  being 
mult^Ues  of  a  certam  submuUiple  of  the  volume  of  ice. 

The  density  of  ice,  as  determined  by  Playfair  and  Joule,  is  0-9184, 
which  agrees  almost  exactly  with  the  number  0*9180  determined  by 
Brunner  {N.  Ann.  Chim.  Phys.  14,  869).  Hence  the  atomic  volume  of 
ice  =  ttvItt  =  9-8.  This  being  determined,  the  submultiple  in  question 
adopted  by  the  authors  as  t^c  imit  of  volume  for  sohds  is  ^  =  1-225  ;  so 
that  tiie  atom  of  ice,  considered  as  a  globe  or  cube,  Will  have  twice  the 
linear  dimensions  of  the  atom  possessing  this  unit-volume.  In  some 
cases,  the  volumes  of  solid  bodies  correspond  more  nearly  to  multiples  of 

a  2 


Bi 


but  these  cases  being  ooonwratfrdy 
lie  ff^wing'  table  gires  the.  atomic 


=  0-6125  than  of  1-225  itself: 
few  are  regarded  as  exceptionaL     The 

Tolnmes,  &c.,  of  some  of  the  metals  in  a  finely  divided  state ;   also  of 
flowers  of  sulphnr. 


. 

Yofamie 

1-885 

TofanBe 

Sbl  Or. 

Sp.  Oi; 

Name. 

Wdglit. 

ezperimait. 

Unity. 

by 

UM017. 

experiment. 

^ :::::::: 

SI -65 

8-757 

8 

S<75 

8-618 

8-424 

2ar57 

8-701 

8 

8-675 

8-047 

7-989 

Hickel 

29^ 

8-782 

8 

8-673 

8-060 

7-832 

Iron  

87-18 
S7-«7 

8-818 
7-208 

8 
« 

8-675 
7-850 

7-886 
6-125 

7-130 

Anenie 

6-280 

Salphor 

16-03 

8-880 

7 

8-575 

1-870 

1-913 

PbUniun 

98-84 

S-568 

44 

5-512 

17-981 

17^66 

Unniam   

817-26 

85-790 

21 

25-725 

8-445 

8-425 

If  agneanm  .... 

12-69 

5-66S 

41 

6-S12 

8-808 

8-240 

The  volumes  of  the  metals  in  their  more  compact  state  do  not  accord 
very  well  with  the  law  above  stated,  probably  from  the  effect  of  cohe- 
sion. 

The  volume  of  the  magneoan  oxides  in  their  most  compact  state,  u 
found  to  be  very  nearly  5  x  1-225  =  6*12.  Hence  that  of  oxygen  in 
these  oxides  must  be  2  x  1-225  =  2-45.* — Now  the  volume  of  sulphur  is 
8-57 ;  consequently,  that  of  sulphuric  acid,  SO",  wfll  be  8-57  -f-8  X  2-45  = 
15-92.  Again,  the  mean  sp.  gr.  of  sulphate  of  soda,  as  determined  by 
various  experimenters,  is  2-562 :  this  gives  27-9  for  the  atomic  volume  of 
that  salt ;  and  deducting  15*9  the  volume  of  sulphuric  add,  we  have  12 
for  the  atomic  volume  of  soda:  this  n  nearly  10  x  1-225  =  12-25. — The 
volume  of  potash  (deduced  from  the  sp.  gr.  2-756  determined  by  Karsten) 
is  17-75,  which  is  not  far  from  14  x  1-225  =  17-15. — ^The  volume  of 
anhydrous  sulphate  of  ammonia  is  39*2  {Chem.  Mem.  2,  428),  from  which 
deducting  15-9  for  the  acid,  we  have  left  23-3  as  the  volume  of  oxide  of 
ammonium.  This  m  very  nearly  18  X  1-225  =  2327. — Aluminum  has  a 
density  of  2-5  (Wiihler)  :  this  g^ves  5-47  for  its  atomic  volume,  making  it 
nearly  equal  to  4|^  x  1-225  or  5-5.  Chromium  has  the  density  5-1,  which 
makes  its  atomic  volume  =  5*5  :  and  admitting  that  in  the  sesqui-oxides 
oxygon  enters  with  the  volume  3  x  1*225  =  3-675,  we  shall  have  for  the 
volumes  of  alumina  and  oxide  of  chromium,  5*51  x  2  +  3-675  x  3  = 
22-0.'). — Sesqui-oxide  of  iron  being  isomorpiious  with  aliunina  and  oxide  of 
chniinium,  its  volume  in  combination  may  likewise  be  assigned  as  22-05. 
The  reason  for  selecting  the  particular  results  detailed  in  this  paragraph 
will  Im.>  seen  immediately.  The  volumes  assigned  to  alumina  and  the 
seHqui-«)xi)U's  of  irr»n  and  chromium,  must  be  regarded  as  to  a  considerable 
extent  )iy]iotiietical. 

111.  In  highly  hydrated  salts,  the  water  of  crystallization  always 
occupies  the  volume  of  ice. 

a.  In  the  claKs  of  hydrated  arscniates  and  phosphates  with  24  atoms 
of  water  of  cr^'Htallization,  and  in  carbonate  of  sooa  with  10  atoms  of 
water,  neither  acid  nor  base  occupies  any  appreciable  space,  the  volume  of 

*  Thii  agrcM  rcry  nearly  vith  the  naDil>er  32  aaeigned  by  Kopp  (whoae  niunben 
are  baaed  on  the  oxygen  aoale  of  atomic  weigbta)  for  the  atomic  roiame  of  oxygen:  for 
8J  X  Tdo  -  3^0-    <^) 


DBNSITT.OF  COMPOUNDS. 


8» 


the  Sfldt  bdng'  the  fianfe  as-  that  of  the  toater  of  crystalbzation  frozen  into 
ice. 

b.  In  cane  and  milk  sugar,  the  carbon  ceases  to  occupy  space,  the 
hydrogen  and  oxygen  taking  up  exactly  the  space  of  the  corresponding 
quantity  of  water  frozen  into  ice. 

These  results  are  exhibited  in  the  following  tabic.  It  is  especially 
remarkable  that  in  the  ordinary  phosphate  and  arseniate  of  soda,  the  atom 
of  basic  water  disappears  as  well  as  the  two  atoms  of  soda. 


KaoKu 


Carbonate  of  Mda 
Phoephato  of  soda 
SDl»hoaiduite  of 

■oda 

Araeniatoof  Hida 
.8ab-aiaeniate  of 

soda . . ; 

Cane-sogar 

Milkwmgar 


Formala. 


NaO,CO»  +  10HO 
2NaO,HO,POW  24HO 

8NaO,PO'  +  24HO 
2NaO,HO.A80»  +  24HO 

8NaO,ABO'  +  24HO 

C«H"0» 

CMH«0« 


^1 

a.# 

»  o 
10 

it" 

k:2 

143-4 

98-6 

98-0 

1-468 

859-1 

235-5 

24 

285-2 

1-527 

881-6 

285-2 

24 

235-2 

1-622 

402-9 

232-0 

24 

285-2 

1-713 

425-2 

235-6 

24 

235-2 

1-808 

171 

107-4 

11 

107-8 

1-586 

360 

284-7 

24 

235-2 

1-581 

CO  «> 


1-454 
1-525 

1-622 
1-788 

1-804 
1-593 
1-534 


IV.  Another  class  of  salts,  including  all  tlie  hydratcd  magnesian 
sulphates,  sulphate  of  alumina,  borax,  pyrophosphate  of  soda,,  and  the 
alums,  possess  a  volume  made  up  of  that  of  their  bases  and  of  their  soUd 
water,  their  adds  ceasing  to  be  recognizable  in  space. 

Table  A. 


Sulphate  erf  copper 
SalpbftteofsJao    - 
Snlpliate  of  magnesia 
Balpliste  trf  iron     > 
Solphste  of  nickel 
Sulpf  lata  of  »7tlft  - 
galphato  of  altiniitm 
Biboralo  cf  lOilit.    * 
Pyr©pbo«phata  of  itfds 


FomiidA. 


CuO,BO»  +  5H0 
Znt),S0'+7H0 

MffO.so*  +  rno 

;F(?(),SO'-t-7nO 
Nat),  S<J*+mHO 

Ainji»,3sn»+ieH0 

N4O,aBO»+l0HO 
2NflO,PO'+10H0 


121-6C 

lt3-|3 

I2;l'(5? 

130-0 

13171 

101-48 

333-7 

191-33 

25i-15 


It 


VIA 


(38-fi 
CS'fi 

fjtifl 

58-8 
08-0 
I7f!-1 

*J8  0 


pf 


CI3 
fi-12 
0-12 
0-13 
(5-13 
12-25 
22-(>5 
13-35 
31o(> 


5  gi3 


35-12 

7172 

7472 

7172 

&1-02 

110-35 

1B6-J5 

lHl-26 

122'olt 


1 


5-17 
74-2 
73-5 
73-u8 
frj.fi 
1091} 
190-6 
110-5 
132  0 


Table  B. 


Sdta, 


Fotuli  alum  . 
Amitionia  alum 
Chronie  alum . . 
Amoiotiiu   irou 

alif  m        


formiUa. 


Al»0»,3Sn«  +  KO,S(  P  +  2 IH  O 
AW.88U'  +  NH'0,l50'-K2lHO 

Ff»(  >*,8S0a  +  NH<0,SO'  +  2 ITTO 


3-5 

470-38 
4<>5'38 
503-3 

18]  m 


'^  s: 


|1 


235'2  22'ftS 
23.V2'  2S-<lu 
235  2.32-0O 

aarral  22-0^ 


iriii 

2327 
1715 

23-27 


{J 


27-1-1 

2»1'd2 

274-4 

280-52 


28U-2  l-(:29 
273-ljl'83.1 

2S0-B1-711 


1-715 
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It  will  bo  seen  from  these  tables  that  many  salts  oontain  (me  atom  of 
wator  of  crystalUBation  for  every  unit-volome  in  thdr  base.    Thus,  sal* 

tihato  of  alumina  possesses  18  atoms  of  water,  and  the  Tolmne  of  its  base 
M  IH  K  1'))i5.  Sulphate  of  soda  has  10  atoms  ol  water,  and  the  volume 
of  its  l>aM>  is  10  x  1*225.  Biborate  of  soda  also  crystaliizes  with 
10  tkUmw  of  water.  The  magnesian  sulphates  generally  crvstallize  with 
7  attuus  oi  water:  of  these  however,  2  atoms  are  united  by  a  much 
U«HH  )M>werful  affinity  than  the  test,  being  driven  off  by  a  heat  of  212°  F., 
and  even  under  certain  circumstances  escaping  in  dry  air  at  ordinaiy  tempe- 
ratun^R.  The  number  of  atoms  of  water  essential  to  the  ciystalUzed  salt 
may  therefore  be  estimated  at  5,  which  is  the  actual  number  contained  in 
the  onlinary  crystals  of  snluhate  of  copper.  The  volume  of  the  base  of 
th(nH>  salts  is  5  1-225.  ^ow  the  volume  of  soUd  water  being  9*8  and 
the  unit*volumo  of  the  base  1*225,  it  follows  that  the  volume  of  the 
Halt  (in  which  the  acid  does  not  am)ear)  must  be  a  multiple  of  9*8  + 
1*225,  that  is  of  11*025.  In  the  first  series  of  researches  by  Messrs. 
IMayfiur  and  Joule  (Chan,  Mem.  vol  n.  p.  401)  numerous  tables  are  given 
allowing  that  in  maity  classes  of  salts — sulphates,  chlorides,  oxalates,  Ac 
the  vohuno  in  the  solid  state  is  a  multiple  of  11  or  of  scmie  number  very 
n(«ar  it.  Tho  explanation  of  this  fact  is  contained  in  what  has  just  been 
titatiHl.  % 

b.  State  of  Aggrtgatim. 

A  CHun|X>nnd  is,  at  ordinary  temperatm^  cither  solid,  liquid,  or  gaseous. 

I.  A  Httlid  ixuu|iound  may  be  formed: 

1,  hVunt  two  gases.  Comdemsatiom, — Hydrochloric  add  gas  fonns  a 
solid  (Htn)|H>und  with  ammoniacal  gas,  viz.,  sal-ammoniac 

2.  Kr«>m  a  pisixnis  and  a  lit^uid  bodv.  Abtorptkm. — ^Mercoiy  absorbs 
ohloriuo  Hud  oxygt^n  gases,  fomung  soUu  compounds. 

]l.  Kntni  a  gi)8iMiu8  and  a  sohd  body.  Aheorption  again. — ^Iron  and 
otlii<i*  Nolul  nuttuls  alworb  oxygen  gas,  and  hydrate  of  soda  absorbs 
(iiirlKiiii(!  arid  gas. 

4.  I'Voni  two  licjuids. — Mercuiy  and  bromine. 

5.  Frtiin  »  liipud  and  a  solid — Mercuiy  forms  solid  amalgams  with 
Mttvorul  nuitulH ;  burnt  lime  mixed  with  4  its  weig^ht  of  water  cramUes  to 
Nolid  liydruto  of  lime;  burnt  gypeum  mixed  with  water  hardens  into  the 
Mtulc  (if  gyiwum  combined  with  water  of  ci^'stallization. 

0.  From  two  solids,  generally  by  fusion.— The  oombiiiations  <A  metals 
with  oiin  another  or  with  sulp^hur. 

II.  A  lii(uid  uoniptmnd  may  Im;  formed: 

1.  Knmi  two  gases.  Condentatum. — ^Ilydrogcn  and  oxygen  gases  com* 
liiiut  and  fonn  water. 

'J,  I'Vuin  a  gas  and  a  Uquid.  Abforption. — ^Water  absorbs  hydrochloric 
luM  giiM,  fnruiiiig  solution  of  hydrochloric  acid. 

n,  KriiMi  a  gas  and  a  solid.  Absorption. — Arsenic,  antimony,  or  tin 
ltlimur\m  rlilorluo  giw,  forming  a  liquid  metallic  chloride. 

i.  l''ioiii  two  linuidri.  Mixture  in  its  mo»t  confined  tense. — ^Watcr  and 
mU^iSttA  J  Miilpliido  nt  uurlM)n  and  chloride  of  sulphur. 

t,.  Vii,m  n  Niiliil  Nulmtaura  and  one  that  is  Uquid  at  the  ordinaiy  or 
-tiHttiwUni   liiglicr  U»niw'rature.      Solution  in  the  tcrt  i«^. — Salts  and 
imutii^mr  and  spirit  of  wine,  sulphur  and  fatty  matters,  lead  and 


'f. 


turn  iwo  MfUdM.— Sometimes  in  tho  cold,  as  oommoo  salt  and  ice. 
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bigmoth-amalgMn  and  load-amalgam ;  somotimcs  not  below  a  read  heat, 
as  carbon  and  Bolphur. 

IIL  A  oompoond  gaseous  at  the  ordinary  temperature  and  pressure  of 
the  air  arises  (miy : 

1.  From  two  permanent  gases.— •Hydrogen  and  oblorino. 

S.  From  a  permanent  gas  and  a  liquid. — ^Hydrogen  gas  and  bromine. 

S.  From  a  permanent  gas  and  a  solid. — Hydrogen  gas  and  sulphur ; 
osyma  gas  and  carbon. 

Smoe  no  compound  which  is  gaseous  at  ordinaiy  pressures  and  tempe- 
ratures is  ever  formed  by  the  combination  of  two  liquids  or  two  solids  or 
a  solid  and  a  liquid,  whOe  on  the  oontraiy  soUd  and  liquid  compounds  arc 
fonned  by  the  union  of  two  permanent  gases,  it  may  be  surmised  tliat  ii 
any  of  the  hitherto  undecomposed  bodies  are  really  compoimd,  such  will 
parobably  be  found  among  the  solid  and  hquid  classes. 

The  less  completely  the  mutual  affinity  of  ponderable  bodies  is 
satisfied,  or  in  other  words,  the  less  complicated  the  combinations  which 
th^  form,  the  stronger  is  their  attraction  for  heat  and  the  greater  their 
elasticity;  those  elements  which  are  gaseous  under  ordinary  circum- 
stances have  also  on  an  average  the  smsulest  atomic  weights. 

c.  Crystalline  Form. 

The  ciyBtalline  form  of  a  compound  probably  bears  a  definite  relation  to 
that  of  its  elements.  Such  a  relation  however  has  not  yet  been  com- 
pletely traced  out,  partly  beoause  the  crystalline  forms  of  many  important 
elements,  oxygen  for  instance,  are  unknown,  partly  because  one  and  tho 
same  substance,  simple  or  compound,  often  assumes  one  or  another 
OTTstalline  form  according  to  circumstances,  ».e.  exhibits  Dimorphiam.  (q.  v.) 
The  existenoe  of  such  a  relation  is  however  apparent  from  the  facts  by 
which  Mitschetlioh  has  established  his  important  theory  of  laomorphism. 
The  term  Isomorphous  in  its  widest  sense  applies  to  those  bodies  which  can 
leidace  one  another  in  a  oompoimd  without  producing  any  alteration  in 
the  cnrstalline  form  of  that  compoimd,  except  small  angular  differences. 
Socfa  bodies  may  be  divided  into  the  following  groups. 

A.  Substances  which  are  isomorphous  both  in  the  separate  state  and  in 
wmbinatioH. — Substances  possessing  the  same  crystalline  form  and  re- 
pladng  one  another  in  combination  according  to  equal  numbers  of  atoms 
without  alteration  of  crystalline  form.  Arsenic  and  antimony  crystalUzo 
in  acute  rhombohedrons :  AsO*  exhibits  the  same  crystalline  form  as 
SbO*,  and  many  double  salts  containing  AsO*  as  one  base,  present, 
according  to  MitscherUch,  the  same  ciysttuline  form  as  the  corresponding 
salts  in  which  AsO*  is  replaced  by  SbCP. 

B.  Stibstances  which  replace  one  another  in  compounds  according  to  equal 
number  of  atoms.  The  crystalline  form  of  such  substances  in  the  separate 
state  is  either  different  or  else  imknown ;  but  they  replace  one  another 
in  combinations  according  to  equal  numbers  of  atoms  and  without 
alteration  of  crystalline  form.  Titanium  crystallizes  in  cubes,  tm  in 
regular  six-sided  prisms ;  but  both  TiO*  and  SuO»  crystallize  in  square 
pnsms.  The  crystalline  form  of  Ume  and  magnesia  are  unknown,  but 
CaO,CO»  and  MgO,CO*  crystallize  in  obtuse  rhombohedrons.  This  group 
of  substances  may  perhaps  be  hereafter  shown  to  be  identical  with  tho 
first,  when  we  shall  have  become  acquainted  with  the  crystalline  forms  of 
these  bodies  in  the  separate  state  and,  possibljjr  have  diswvered  that  their 
difference  of  form  may  be  referred  to  Dimorphism. 

C.  Substances    which   replace  one    another   in   combination  according  to 


^  Aimnrr. 

miuqual  tumhers  of  akmu.— It  BometimeB  lafyewg  tkat  one  alnai  of  an 
element  contained  in  m  oompoond  is  veplaoed  br  two  or  wuan  atxmn  of 
another  el^nent,  or  by  two  other  eleii»«itfi  withoat  afaen^iaB  of  oystdline 
form.  Hyperdilorate  c^  potash  (KOlCICP)  has  tibe  same  fom  as  hjper- 
manganate  of  potash  (KO^^nHF) ;  here  1  At.  chkcine  is  replaoed  by  2 
At.  manganese.  Sal-amm<»iac  (XH*C1)  crystalEBes  in  the  same  form  as 
chloride  of  potassitim ;  hence  K  and  SB*  are  iaaiDorphoos.  In  such  cases, 
no  such  chemical  resemblance  exists  between  the  intetcfaaaigeable  bodies 
as  in  cases  A  and  B :  thus  manganese  bears  no  reseaablanoe  to  chlorine, 
nor  docs  nitrogen  to  potassiam. 

The  following  is  a  geneni  view  of  the  sercfal  groapa  of  simple  and 
compound  substances  which  exlubit  the  same  oy^alfiDe  form  with  or 
without  slight  differences  c^  angular  magnitude.  Eadi  groop  nf  isomor- 
phous  substances  is  distinguished  by  a  nnmber:  if  it  otmtains  bodies  of 
oifforcnt  stoichiometrical  nature,  it  is  farther  sobdiTided  by  means  of 
letters.  The  same  substance,  if  dimorphoiiB  or  trinKHrphoos,  may  be 
ropoatod  iu  different  groups.    Mitsdiaikii'a  obaerratkna  are  denoted  by 

Btgtilar  Syitewu 

1.  IlomohtdroL  a.  G  (Diamond)  P,  K,  Ti,  Bi,  Cd,  Fb,  Fe,  Co,  Ag, 
Au. 

b.  CoAs,  ZnS,  PbS,  CoS,  AgS,  KI,  Xal,  KBr,  NaBr,  NH<C1,  KCl,  NaCl, 
LCI,  AgCl,  KF,  NaF,  CaP. 

c.  CuH),  Cu«S,  Cu«Cl,  ng"Ag. 
iL  AsO*,  SbO",  \r6hicr. 

e.  MgO,  A1H)»,  (SpineU),— 3*gO,Fe»0»,  (Pleonast),  —  ZnO,Al»0>, 
(Uahnite).— ZuO,FcV,  (Franklinite)— FeO,FeW,  (Magnetic  iron 
on>).    Abick, 

f.  liu(),Nl)»,  —  SrCNC,— PbO,NO»,— and  according    to    Beizelius, 
'     rU),\()». 

,/.  N 1 IHM,  PtCl«,  —  NII«Cl,IKn»,— KCLPtCn,  —  KCl,  IrCP,  —  KCl^OsCl*. 

A.  NIIH),Al«0»,4SO>24Aq.  —  NHK),Ci*0»,4SO»,24Aq.  —  Nn*0,Mn«0», 
4S()»,24 A.i.  —  NII*0,Fe«0»,4SO*.24Aq.  —  K0,A1H)»,4S0«,  24Aq.— 
K(>,(!i«H)»,4So»,  24Aq.  —  K0,Mn*0»,4.S0»,  24Aq.  —  KO,  FeV,  iSO", 


a  I  An.  ~Nftl),AlH)»,4S0»,  24Aq.     ML 
i.  K  ( ).  A IH  >»,4Si()»  ( Leucito). 
k.  Na(>,AlH)»,4SiO»,  2Aq.  (Analcime). 
'i.  III    ri'titugtmtU    dodccaliedroDs :    FcS*   (Iron    pyrites).— Co^AsS' 

(^'</lMll'|(lllltC(l)« 

Four-memhertd  or  Square  Prismatic  Syttem. 
H,  rW>,W()»,-l»K),WO»,--PbO,MoO»,  Levy  (Pogg.B,  513),— PbO,CiO». 

4,  S4f,>^(f,  7Aq.— NiO,SoO»,  7Aq.— ZnO,SeO»,  7Aq.     ML 

'-*'  •» I H>,2 1 JO.ro*,— Nll*0,21I0, AsO*,— K0,2H0,P0»,— K0,2H0, AbO». 
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10.  a.  TiO*'(Aiittta8c). 

*.  KO,8C!aO,15Si(>,16Aq.  [?]  (ApophyUite).    KobeU. 

11.  a.  2ZrO,SiO»  (Zircon). 

b.  80aO,2Al«0»,5SiO«  [f]  (Werncrite)    Bi-eithaupt. 


Two-and-two-membered  or  J^ht  Prismatic  System. 

12,  Solphur. — ^Iodine. 

18.  AsO*,— SbO».    WShler. 

14.  a,  PcS*  (White  iron  pyrites).— 6.  Pe'AsS*  (Arsenical  pyrites). 

15.  a.  Mn*0»,  HO  (Manganite). 

b.  2CaO,APO»,3SiO»,  Aq  [f]  (Prehnite).     KobeU. 

16.  a.  CaO,CO»(Arragonite),— BaO,Co»,— SrO,CO»,-PbO,CO». 
b.  KO,NO». 

17.  a.  BaO,SO»,— SrO,SO»— PbO,SO».    Mt. 

b.  NH«0,C10',— NH*0,Mn»0^— K0,C10',— KO,Mn»0'.    Mt. 

18.  a.  NaO,SO»,— NaO,SeO»,-AgO,SO»,— AgO,ScO»  (Jig.  59).    Mt. 
b.  BaO,MnK)'.    Mt. 

19:  a.  KO,SO»,— KO,SeO«,— KO,Cr,0»,— KO,MnO» (fig.  76).    Mt. 
b.  NH*0,SO»,  Aq.    Mt. 

20.  a.  MgO,SO»,7Aq,— ZnO,SO»,7Aq,— NiO,SO»,7Aq,— MgO,SeO»,7A{i, 
— ZnO,SeO',7Aq,  (/<7.  71,  72,  73),    Mt. 

b.  SbS».    KobeU. 

21.  NaO,PO»,  4Aq,— NaO,AsO»,  4Aq  (Jig.  64).    Mt. 

22.  2Mn,SiO«  (Chrysolite),— 2MnO,SiO».    Berthier. 

23.  NaO,APO»,3SiO»,  2Aq  (Natrolitc),— CaO,Al*0»,8SiO»,  3Aq  (Skole- 
ate). 

24.  BaO,C*IPO»,  3Aq  (Acetate  of  baryta),— PbO,C*H»0»,  3Aq  (Acetate, 
of  lead),  (Jig.  60).    Mt. 

25.  K»PeK3y«,— K»CoH:!/. 


Tivo-and-one  memberedoT  Oblique  Prismatic  System. 

26.  a.  Sulphur. 

b.  K0,2S0»,  HO,— KO,2SeO»,  no.    Mt. 

27.  PeO,TaO*  (Tantalite),— FeO,WO»  (Wolfram).    Breithaupt. 

28.  CaO,SO»,  2Aq,— CaO,SeO»,  2Aq.     3f<.— FeO,SO»,  2Aq.     Graham. 
29.  FeOjSC,  6Aq,— CoO,SO»,  6Aq,— MuO,SO»,  6Aq.— CoO,SeO»,  6Aq, 

—Mixtures  of  FeO,SO»,  with  CuO,SO',  or  with  ZnO,SO»;  similarly  of 
CuO,SO»,  with  ZnO,SO',  or  with  NiO,SO»,  or  with  MgO,S0»;  similarly  of 
MnO,SO',  with  MgO,SO',  or  with  ZnO,SO*,  always  in  combination  with 
6  At.  water  (Jig.  111).    Mt. 

30.  MgO,SeO»,7Aq,— ZnO,SO«,7Aq,— CoO,SO»,7Aq,— NiO,SO»,7Aq,-- 
MgO,SeO»,7Aq,— CoO,  SeO»,7Aq.     Mt. 

31.  NaO.SClOAq,- NaO,SeO»,10Aq,— NaO,CiO»,10Aq  (Jig.  118,  119). 
Mt. 

82.  2NH*0,PO»,nO,— 2NH«0,A80»,H0  (Jig.  93,  94,  95).    Mt. 

83.  2Na0,P0»,  25Aq,— 2Na0,A80»,  25Aq  (Jig.  96— 100>    Mt. 
34.  a.  Na0,2B0»,  lOAq  (Borax). 

b.  CaO,MgO,2SiO»    (AugiteX  —  NaO,2FeO,4SiO'     [?]    (Acmit^ 
■KobeO. 
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35.  3BcO,2Al»0»,5SiO*  [?]  (Euklase),— 3CaO,*2.\l*0»,5SiO*  [?]  (Zoiaite). 
Brooke. 

One-and-one-membered  or  Dotihly  Oblique  Prismatic  Stjsicnu 

36.  MnO,SO',4Aq,— MiiO,SeO*,4Aq,— ZaO,ScO»,4Aci,— CoO,ScO»,4Aq. 


Ml 


37.  CuO,SO>,5Aq,— CuO,SeO»,5Aq,--MnO,SO»,5Aq(^.  121,122, 123J. 
38. 


a    NaO,3CaO,4  Al*0»,  1 2SiO»  (Labrador). 

b.  MgO,3CaO,4'Al*0»,8SiO»  (AnorthiU-). 

Six-metnhcred  or  Rhombohedral  St/atem. 

89.  8ApS,A8S»  (Light  red  Bilver).— 3AgS,SbS»  (Dark  red  silver), 

40.  rt.  CaO,CO»  (CfticHpiir),  — Mg(),CO»,  —  CiiU,UO»  -I-  MgO,C0*,— 
MiiO,C0»,— ZiiO,fO»,— FeU.CO'  (Jig.  141  and  /.) 

fr.  NaO,NO»,— KO,NO».     Franlenlieim. 

41.  a.  Si(J»  (Quartz).— 6.  CaO,Al*0»,4SiO*,  6Aq.     (Clmbasite). 

42.  AlV  (Corundiuii),— Fe»U»,— Ci-*0»,— FeTiO*  (Iliuenit*-). 

43.  Ab, — Sl>, — To.  lireithaupt.  Tin  also,  according^  to  Brc-Jthaupt,  aiid 
ainc,  aocordinff  to  Noggenvtb,  crj-8tallize  in  rogidar  pix-sided  prisms. 

44.  .SrO,SH.»«,  4Aq,— CaO,S*0»,  4Aq,— FbO^S'O',  4Aq.     llea-en. 

45.  CaCl,9CttO,3FU»  (Ajwititc),— FbCliyFL»U,3P0«  (Pyruiuorpliito),— 
PbCI,9PbO,3ABO». 

46.  Mohnitc  and  Eudialytc.     Brooke. 

47.  a.  CMS,— Ni.S,— Fe%»— *.  Ni'As  (Kupfernickcl),— Ni»SbS«  (Nickul- 
ifcrous  g'rt'V  antimony). 

c.  IrOs.     Jireithaupt, 

48.  no  and  ZjiO,  crystallize  in  regular  six-sided  jirisms,  but  their 
faKMnori>lii8m  has  uot  yet  been  cetabliBbed  by  the  detemiination  of  their 
M^dar  relations. 

From  these  data  the  ssomorphiHm  of  the  following  simple  and  compound 
bodies  may  l)0  deduced : 

Carbon,  phoHphnrusi,  potutwiiim,  titanium,  bismuth,  cadmium,  lead,  iron, 
(X>pp|'r,  silver,  and  yold?     (1,  «) 

The  iBomorphi8m  of  in»n  and  tifauinm  is  more  completely  eetabliHhed 
by  (42^  inai<tnuch  as  FeH.)*  an<l  FeTiO*  cijBtallize  in  the  same  form,  and 
that  of  iron  and  cobalt  by  (2.j), 

Potassium,  nodium,  hthiuiit,  caldnm,  zinc,  lead,  silver T    (l,i) 

Oxygen,  Hul|>hnr,  chlorini!  f     (1,  c) 

Arsenic,  aiitimony,  and  tellurium  (1,  d,  13,  39,  43). 

riiitinum,  iridium,  titid  ostnium  (},  g). 

lasnittoh 

c:*S*  And 

Fe»At»S»  (14). 

Fntajwium  nn<l  ammonium.  Nil*  (1,  i  and  g, — 17,  b). 

KO  auid    NUH);    aluo   under  certain   circunistancea  NaO  (1,  A,— 5)" 
On  the  other  liaud  we  might  admit  frofij  (ll>j  that  NJIS}  +   HO  repUiocs 
KO. 

KaO  and  A^O  (18,  a).    Just  as  KO  in  aUun  is  isoraoridious  with  NaO, 
ao  Ukowtw  in  combumtmn  with  NO*  it  may  undrr  itectiliar  circuniHtanres 
in  "btuMfi  rhombf.lu-dronH  i:xactly"lik«i  those  of  NaO,NO»(4l),  m 
K  '  ■  and  AgO,  may  be  regarded  au  isoniorphoua  in  one  O4' 

lU,  ZiiU,  FcO,  CV^,  NiO,    and   CuO,    have    beeu    shown    ti> 


(i» 


One  atom  nf  ar»enic  nroUibly  replaces  two  atoms  of  gidphur,  ina 
Fe»S*  and  CVAsS*  ijavo  the  saino   form  (2);   so  likewise  Fc*: 
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be  isoiAcffidioiis  in  their  ocmibinations  with  carbonic,  snlphuric,  and  solenid 
adds  (1,  «,— 4,— 20,— 22,— 29,— 80,— 86).  Lime,  CaO,  is  also  related  to 
tiiem  in  one  of  its  dimoiphoiis  states. 

PbO,  BaO,  SrO,  and  CaO  (in  one  of  its  states)  are  isomoiphons  (1,  f^ — 
«,— 16,— 17,— 24,— 44,— 46). 

Accenting  to  (85),  if  the  formule  are  correct,  BeO  is  isomorpbous  with 
CSaO.  Aocoraing  to  (28),  we  might  suppose  that  NaOis  interchangeable 
with  CaO,HO. 

APO*,  CrK)"  and  Fe*0*,  are  isomorphous  in  the  separate  state  (42) ; 
Mn*0*  is  also  isomorphous  with  them  in  combination  (1,  «, — 1,  A). 

TiO*  and  SnO*  arc  isomorphous  in  the  separate  state,  (9)  although  Ti 
and  Sn  crystallize  in  different  forms. 

WO*  in  combination  is  isomorphous  with  MoO*  and  GrO*  (3)  also  with 
TaO»  (27). 

SO*  m  combination  is  isomorphous  with  SeO*,  CrO»,  and  MnO*  (4,— 
7,-18,  a,— 19,— 20,— 26,  ft,— 28,— 29,— 36,— 37).  CrO»  soems  also  to 
form  a  connecting  link  of  the  series  WO*,  MoO*,  CrO*,  MnO*,  SeO*,  and 
80*. 

PO*  and  AsO*  arc  also  isomorphous  in  combmation  (5, — ^21,-82, — 88) 
—55). 

CiO'  in  combmation  is  isomorphous  with  Mn*0'  (17,  6). 

The  following  similarly  formed  compounds,  however,  (Mer  so  much  in 
their  chemical  properties,  that  their  similarity  of  shape  can  scarcely  bo 
regarded  as  resulting  from  the  substitution  of  one  element  for  another : 

PbO,NO*  and  PbONO*,  (1,/)  have  the  same  form,  though  they  differ  in 
oomposition  by  2  At.  oxygen. 

Leudte  and  Analcime  have  the  same  composition  (1,  i)  excepting  that 
the  latter  contains  2  atoms  of  water. 

Copper-pyrites  CuI'eS*  and  Braunitc  Mn»0*  (8^.  Here  it  must  be 
supposed  that  3  atoms  of  oxygen  may  be  substituted  for  2  atoms  of 

Anatase  and  Apophyliite  (10). — ^Zurcon  and  Womerite  (11).  Man- 
ganite  and  Prehnite  (15) ; — all  differing  irreconcilably  in  their  chemical 
composition. 

Arregonite,  CaO,CO»  and  nitre  KO,NO*  (16). 

BaO,SO*  on  the  one  hand,  and  K0,C10'  and  KO,2MnO'  on  the  other 
(17). 

NaO,SO*  and  BaO,  Mu«0'  (18). 

SbS*  and  MgO,SO»,7Aq  (20).  — S  and  K0,2S0«,H0  (26).— Borax, 
NaO,2BO»,10Aq  and  Augite,  CaO,MgO,2SiO»  (34).  Labrador  and  Anor- 
thite  (88). 

Last^,  of  totally  dissimilar  composition  are:  CaO,CO*  (Calcspar) 
and  NaO,NO*  (40.)— Quartz  and  Chabasite  (41).— Mohsite  and  Eudia- 
lyte. 

Attempts  have  been  made  to  bring  some  of  these  cases  in  accordance 
with  the  theory  of  isomorphism  by  altciing  the  atomic  weights  of  some 
of  the  substances  concerned.  The  following  is  one  of  the  most  re- 
markable instances  of  this  kind :  GaOjCO*  as  arragonite  is  isomorphous 
with  nitre  (KO,NO*)  in  its  usual  form  (16);  CaO,CC',  as  calcspar  with 
KOjNO*  as  it  is  sometimes  obtained,  and  with  NaO,NO*  as  it  always 
crystallizes.  Hence  CaO,CO*  in  its  two  conditions  is  isomorphous 
with  KO,NO*  in  its  two  conditions.  For  this  reason.  Count  Schaffgotsch 
halves  the  atomic  weights  of  potassium  and  nitrogen;  nitre  then 
becomes    KO*,NO*»  =  KNO».      This    agrtKJs   with  CaO,00*  =  CaCO*; 
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ifi  >i/ir.h  '■/>rrif/irinr]M  3  atomn  of  oxygen  are  combined  with  1  atom  of  metal 
htui  1  tktniii  tit  4-itUiir  fMrUm  or  nitrogen.  This  halving  of  the  atr>mic 
V9f:i/\it. ',(  ix<t.;u'.rttiini  jnvoh'frH  tho  halving  of  those  of  ammoniiun  (NIP), 
tuiiUiuu,  Mivi-r,  tiuti  golrl,  U^rauHf;  jir>taKh  is  isomor])hous  with  oxide  r^f 
Arri(ii(>iiiiii/i  (NflH;;  and  h'i'Ih,  and  the  last  of  these  with  oxide  of  silver; 
Mid  \ii:t. Mimi:  NilvfT  III  frftinhinati^m  with  the  most  various  quantities  of  g<>Id 
lilwiiy^  t-.ryftttilU'/j-H  in  ihf:  Harne  funii,  a  circunistancc  which  uulicates  tlio 
lAuuiiiriAiii'.in  of  tli'-^<:  two  HictalH.  The  halving  of  the  atomic  weight  of 
nilv'ir  hsu\  \it-Vtti:  \ii:i:n  proiK»w;d  by  II.  Rose,  because  in  grey  copjier  ore 
I  *»/irn  '.f  *!ilv/T  fak<TH  the  [AiVA:  ot  2  atoms  of  copjx'r,  and  the  crystalline 
ti.iut  t.i  A/:-',  a-t  w«:ll  an  that  of  Cu'S  Ix-longs  to  the  regular  system. 
A'/ '.fill./  V,  \WiA  vj»;w,  Ihi;  atomic  weights  of  N,  H,  K,  Na,  Ag,  and  Au 
«roiili|  \^-  r<'lii/-^d  to  oiK-half  of  the  values  now  assigned  to  them  ;  potash 
vwMiliJ  ».*:  KH>,  Ko«la  Na'O,  oxide  of  Kilvcr  Ag*C),  and  suboxide  of  silver 
hv^t.  I'-/  lialviiig  tlie  atomic  weights  of  iXftassium  and  chlorine,  the 
*uin\i*t  fi.tutA  of  KO.CUraiid  J{a(),SO*  would  also  be  explained,  (17)  for 
M./I  /y,^iip«.>(irion  would  (hen  Im;  KCIO*  and  BaSO*. 

i.lnkr,  i.ii  ih«-  (M*ritriiry,  doubles  the  atomic  weights  of  sodium  and 
K\h(.f,  ifi  t,ti\i:r  to  r<'(«»iirile  (he  c<imi)OBition  of  NaO,iSO*  and  AgO,SO*  with 
H,ni  '.f  I'oitKSiuHf  (IH).  lie  thus  obtains  XaO»,2SO»,  =  NaSO«  and 
A((i^.  /•.(!*—  A^SVl";  and  this  fonnula  agrees  with  BaO,Mn*0' = 
lltt.Vff.''^.  linl.  hiiKM-  tUi-  atomic  weight  of  }X)ta8aium  must  be  doubled 
M  <<v'll  AM  (hal.  of  Nodiiim,  the  ex]i1anation  of]  case  (18)  becomes  by  thiB 
itlli^.riill'ifi  looM:  dillinilt  than  iN'fore. 

Wl(h  »#K'"d  ("  (bene  iittemptH,  wc  cannot  but  agree  with  the  view 
fM^hlly  <ido|itid  by  .lohiiNtoiif  (who  formerly  made  trial  of  the  same 
lii/jfi(liMil'«  an  ('oiirit.  .SrhafTgotHcih),  viz.,  that  many  of  the  formula)  of 
Moimi'II'Ik'Hm  bndien  ruiiiiot  Im-  made  to  agree  with  one  another  in  anyway 
^(•.•(«  "(I  iillii-iii  only  by  meaiirt  of  hyiM)these8  which  arc  cither  contradic- 
tor/ i.t  iHKilly  impair  (Ih«  Nimplirity  of  the  chemical  formulaa.  Although 
^,if„\;i  i'-imni.t  cHi-ii  iiivtijvi!  Hiiiiilari(y  of  shajie,  it  d«K'S  not  by  any  means 
f.,ll.,«  iixii  ■■iiiiil'O  )i >i inn  iin'iimtimiKb'nt  with (Usaimilar  formula).  Thercex- 
„.(-.  ,.-  «l.  .|^'  -i  ).i»/li<  I  liiw  liywliirh  these  cjiHes  might  be  exphuned:  thedis- 
n, ,. , ,.  .(  ••'  »i  •»  i'l'*  Willi)  ^ivi>  a  new  fonn  to  the  theoiy  of  isomor))hism. 
^  .,.|,  .xl  '*.' Iiii>'l<  I  liJivi-  n-niarked,  that  isomorphous  substances  have 

,.  ,,,i    /    -r.liiifiin  ^Jiinl  llii-rpforc  also  ecpial  atomic  numbers).     The 

,„,,.■,     .,>.  ■».!.//  .T  /'I  itbl'-,  iiag'*  •'*'))  exhibit  ajiproximations  to  this  law,  at 
i,  ,.  I  ,.,     .„../  '  I.'  •-. :  r.  I/.  Si,  Mil,  (.'o,  and  Fe  ;  W  and  Mo;  I,  IJr,  and  CI. 

ft,., I  II I.II  (••tiolH'iN  of  Sb  and  As,  of  Na  and  K,  of  Mn,  Cr,  S,  and  .Se, 

»!,.>  I.  .'  I'  »'■■*  ""■  I'V.iiinrjilioiis  in  their  acids,  differ  widely.  A<.XN)nliiig  to 
t,il.  fE..t'  I'.-'t  «'|ii(il  (il"iiii'-  nunilx.'rs  arc  exhibited  bv  AlH)*,Cr*(.)*,  and 
t.\Jr  .  t.'/  'I."*  ""d  HiiO»;  by  \VU»  and  M0»;  by  AbO»  and  tfbO»;  by 
..  ■,.,,!  .•,l./'li'>i*>:  '-iiilK'iiiitfH,  sulphates  and  nitrates  (some  too  not 
I,,,.,.  .  .|[,i|  l.y  m-viTiil  hv'lnited  sulphates.  Kxeeptions  arc,  how- 
'  ■  .  ,.  ■  ..'-'I  l-y  l^<>.><"*.  "I'd  K(),CKJ»;  and  by  KOI,  NaCl,  and  AgCI ; 
'  ■  .  t\.t  ,„i  I'  ly  iipprojiiiiiat<f  agre<'nient  in  the  atomic  numliers  of  the 

,.    .      ,„.    I  ,^,.ifi»l.i   may  in  a  great  measurc  l>e  explahied  by  the  fact 

.*.««  ....  I..    ;.,.M.ili  invi-   iMinly  eipial  atomic  weights,  and  these  Unng 

^„    J,.    f  >.<  .lily  c'lMsil  HiKi-ilie  gnivitii^,  the  quotients  cannot 

y,;*\.  i'  .<•■  It.'. Ml/ 1  Oil  (he  ntlicr  hand,  Kopp  has  shown  that  the 
titft'r  '<> '  '  I.*  I  ""  li  I  hi-  iiiigli'H  at  th(>  edges  of  the  obtuse  rhonibo- 
i4  i^\f^M*  ffi'i  iIh'  <-oii<-H|Miiiihiig  angles  in  the  other  earbi  mates 
^A  ,t</,i»<>f|.f •'••!•«  with  it,  probably  bear  a  simple  relation  to  the 
^.  'tiJhimt'*  'A  >>•"  »*^f'"i  «>f  which  thusc  ci^'stals  arc  cunii^wud. 
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%  A  peonfiar  kind  of  isomorphism  has  recently  been  discovered  by 
Sdieerer  (Pogg.  68,  819)  which  appears  to  play  an  important  part  in  the 
mineral  kingdom.  By  the  analysis  of  a  great  number  of  minerals,  Scheerer 
finds  that  one  atom  of  magnesia,  protoxide  of  iron,  or  protoxide  of  man- 
ganese— and  probably  also  of  oxide  of  zinc,  protoxide  of  nickel  and  prot- 
oxkie  of  cobalt — may  be  replaced  by  3  atoms  of  water,  and  1  atom  of 
oxide  of  copper  by  2  atoms  of  water — without  change  of  crystalline  form. 

This  kind  of  isomorphism  has  received  the  name  of  Poli/meric  losomor- 
pUtm:  it  was  first  noticed  in  the  minerals  Cordierite  and  AspasioHte. 
These  two  minerals  crystallize  in  the  same  form,  and  crystals  are  found 
oonriiMang  partly  of  cordierite  and  partly  of  aspasiolite,  the  most  complete 
transilaonsfrom  one  to  the  other  occurring  in  the  same  specimen.  Moreover, 
both  minerals  contain  nearly  the  same  proportions  of  silica  and  alumina ; 
but  aspasiolite  contains  a  smaller  quantity  of  magnesia  and  a  larger  quan- 
tity of  water  than  cordierite, — the  difference  being  such  that  3  atoms  of 
water  in  the  former  may  be  regarded  as  the  equivalent  of  1  atom  of  mag- 
ne«a  in  the  latter.   [^Vid.  Neumann,  Jeum,fur  l^akt.  Chem.  41,  8.]^ 

On  the  subject  of  Isomorphism,  see  the  already  (page  32)  cited  treatises 
of  Mitscherlich,  Beudant,  Wollaston,  Hauy,  and  Marx ;  likewise  Kobell 
(Schw.  64,  41).— Breithaupt  (J.  pr.  Ch.  *4,  249  and  Pogg.  61,  610). 
Persoz  {Ann.  Chan.  Phys.  GO,  119;  also  Ann.  Pharm.  18,  241). — Brooke 
(Pha.  Mag.  J.  12,  406).— Jolmston  {Phil.  Mag.  J.  12,  235  and  480 ;  13, 
305).— Count  Franz  Schaffgotsch  {Pogg.  48,  335). 

d.  Relations  to  Heat. 

FunbiUty. — Compounds  arc,  for  the  most  part,  more  easily  fusible  than 
their  elements.  No  metallic  alloy  is  more  refractory  than  either  of  its 
constituent  metals,  but  many  arc  more  easily  fusible  than  either  of  their 
components  in  the  separate  state.  The  earths  also  become  more  fusible 
by  combination.  An  alloy  of  nickel  and  platinum  melts  at  the  same 
temperature  as  copixir ;  alloys  of  lead  and  tin,  lead  and  bismuth,  &c, 
melt  more  easily  than  either  of  those  metals  by  itself.  Iron,  by  com- 
bining with  the  infusible  substance,  carbon  (in  steel  and  cast-iron),  be- 
comes more  fusible  than  it  is  in  the  pure  state.  Silica  is  not  fusible  in 
the  blast-fiumace,  neither  is  lime,  baryta,  strontia,  alumina,  or  magnesia, 
— but  the  combinations  of  silica  with  these  bodies  are  unable  to  resist 
such  a  temperature. 

Many  metallic  sulphides,  on  the  contrary,  are  less  fusible  than  their 
elements,  e.  g,  KS,  ZnS,  SnS,  HgS  ;  others  are  less  fusible  than  sulphur, 
bat  more  fusible  than  the  metal,  e.  g.  FeS,  AgS ;  but  none  of  them  are 
more  fusible  than  sulphur. 

Why  the  melting  ix)int  of  a  compound  should  be  sometimes  between 
those  of  its  elements,  sometimes  below,  and  sometimes,  though  rarely, 
above  them  both,  has  not  yet  been  explained. 

Volatility. — 1.  The  elasticity  of  a  compound  is  generally  less  than  that 
of  either  of  its  elements.  A  soUd  or  Uquid  may  be  formed  by  the  combi- 
nation of  two  gases,  but  no  permanent  gas  is  ever  formed  by  the  union  of 
two  liquid  or  solid  bodies  (p.  87).  Phosphide  of  nitrogen,  when  excluded 
from  the  air,  will  sustain  a  white  heat  without  decomposition  or  volatiUza- 
tion,  and  even  without  fusion. 

2.  The  volatiKty  of  a  compound  is  very  often  of  an  intermediate 
degree ;  the  more  volatile  clement  seems  to  impart  a  portion  of  its  vola- 
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UDty  to  llie  other.  Carl>on  becwmes  poficous  by  combining  with  oxygtin, 
hydrojfen,  or  uitrogoii  ;  Hul|>hur  with  nxyp'on  or  liydrogt?ii — Bolenium, 
iodine,  bromine,  arBcnic,  antimony,  anil  ph(ts|4i(inia,  with  hydrogen;  bat 
all  thi'HC  g'ascnns  com]x>undH  arc  loss  iicniiaiunit  tluin  ])iire  ox3-g't>n, 
bj'drop'n,  or  nitrogi'n  g-as,  for  most  of  them  may  be  liquefied  by  f)re88iirc. 
Lnaii,  Hiker,  iron,  &c.,  in  combiuation  with  chlorine,  are  volatile  at  a 
inoderato  rod  heat. 

8.  Very  few  tfimixintids  are  more  volatile  than  either  of  their  con- 
BiitaontM.  The  mcmt  Ktrikirig^  Lustauoc  is  that  of  sulphide  of  carbon,  which 
UnU  at  id'V.  (=  IH-W  FiUi.) 

ThcBe  relations  al«o  have  not  yet  been  reduced  to  any  regfular'law: 
thuM  much,  however,  may  be  said,  that  a  comjx>uiid  of  piven  elements  is 
for  the  mrmt  iwirt  U-kh  vnlrifile  the  greater  the  number  of  atoms  of  which 
the  »mi|Mmiii|  atom  in  made  up.  Sulpliurous  acid  SO*  is  gaseous,  sul- 
phuric tt<'id  St>*  iH  Holid ;  tlie  latter  cuntains  1  atom  more  of  the  niore  vola- 
tile element,  oxyg«'n,  but  its  total  number  of  atoms  is  4,  that  of  sub 
pliurouH  wid  only  3.  Orte  At.  nitrogen  fonns  gaseous  compounds  with 
1  and  2  At.  oxygen,  litpiid  i-oni[Mii)nds  witli  3  or  4  atoms  of  that  element. 
(!yanogen,  C*N\  in  guwous,  mellon,  C*N*,  solid,  although  it  contains  a 
(greater  proj)orlion  of  the  more  volatile  element.  In  some  cdses,  however, 
till*  grealrr  volatility  of  one  of  the  elements  more  than  eompensaUts  for 
tho  greater  numlKir  of  atonts  in  the  comi>ound;  thus  Fe*Cl*  is  more  vola- 
tile than  Fi<('l,  though  thr  former  contains  ft  atoms,  the  latter  only  two. 

[For  the  H]x!cilic  heat  of  comi>ouuds,  niif  Heat.] 

e.  Relatiem  to  JJght. 

Trantparmcjf. — X  chemical  c<Mnpound  is  either  transj^rent  or  OMflpit 
in  the  formor  oaao  it  truuHmits  light,  coloured  ^Tha|«,  but  alwayideaofy, 
beiuiiiRc  chemically  combined  Ixnlies  refract  hght  a«  a  whole ;  turbidity 
always  indlcjites  uu«chanical  mixture.  Two  transparent  substanccfl 
alwuyH  fonn  a  tranniiarent  eom|M)und,  two  opnqnc  ones  an  opaque  com 
fM^utid;  the  com]M>unoH  of  tnum]xin<nt  with  opaque  bodies  are  scanetimoB 
ojKupie,  Hntiietimen  traiiH|»arent.  Oxygen  combined  with  metals  scxue' 
tinicH  forniH  truuMparent  e)iin|NiutidM,  siKh  as  the  alkalis  and  earths,  oxf 
(if  sine,  oxide  of  antimony,  urHenious  acid;  sometimes  opaque  c^mip^mm 
f'ff'i  |»oro&idr  of  mitnguiiene  and  magnetic  iron  ore:  tne  com{x»und8 
Mulphur  with  iNitannitjin,  /,lm%  arsenic,  and  mercury  arc  transparent,  those 
witli  antinntnv.  iron,  i'M)|ijH<r,  and  niher,  op«upie.  On  the  otncr  hand,  all 
the  met4Ulic  l(u>»riileH.  iodiden,  brnmides,  and  chhmdes  appear  to  be  trmifl- 
{lanMiU  .\cc«triling  to  this,  iluorine,  clUorine.  l>r\inune,  and  iodine  would 
wwni  to  huv«'  th««  iriealest  tentlency  to  traut<pannicy,  and  oxygen  a  greater 
tandeiK-y  than  sulnhur,  itinMunieh  as  the  oimpitunds  of  antimony,  tellu- 
rilini,  an<l  bismuth  with  oxygen  nn>  tranKitarent,  while  their  sulfthidos 
an?  opaque.  Among  tlii<  metals,  th^ise  which  sliow  the  smallest  tendency 
tu  tmluci*  o^iaoitv  in  i-onqioundH,  an*  the  alkaline  metala  and  ars^'nic ;  for 
^  flOBpounda  of  tboao  mctabwith  Urausparcnt  substaaoea  are  thonaelvea 

iWM*.— Tke  lof native  power  of  nseoos  ootnpoonda  is 
Umater,  acmetimes  leaa  tlMa  tbo  mean  of  tbe  reftaotitc  powen 
nf  tbc  oooatitoettt  naea.  ' 

TMs  ia  shown  bv  tbe  tvSkming  UUo  of  Ddxmg  JBtaJfat  . 
"i).  whtch  alK)  i>nQlaiiia  tlw  refrartivr  pnwcrB  of  some  of 
fca.    Column  A  onaldwi  the  name*  of  tbo  nscs,*— B,  tbcir 
owen  detcmiaed  l>y  obeerration,  tbat  of  air  s  1  ^-C,  tbe 
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refractive  power  which  the  compound  gases  shotild  exhibit  according  to 
calcnlatioii,  taking  the  mean  between  the  refractive  powers  of  the  com- 
ponent gasee ; — D,  their  specific  gravities  ; — E,  the  specific  refractive 
power,  M>tained  by  dividing  the  observed  refractive  power  by  the  specific 
gravity. 


A. 


B. 


c. 

D. 

K 

1-0000 

1-1098 

0-88 

0-0693 

6-79 

2-1648 

1-06 

0-9706 

106 

0-9709 

1-21 

1-6262 

100 

1-619 

2-2186 

1-02 

1-1786 

1-86 

.2-6846 

1-97 

1-647 

1-2618 

1-21 

8-784 

8-4249 

116 

1-482 

1-6262 

112 

0-972 

1-0899 

0-99 

1-216 

0-5898 

2-22 

0-9706 

2-86 

0-5516 

2-71 

1-8026 

1-67 

1-661 

0-9859 

1-68 

1-6946 

1-89 

2-5662 

2-06 

S-829 

2-2322 

1-67 

JUr 

Ojkjg&u  •••...• 

Hydragm.  •••...•.•••.•..• 

OUmliia 

Vltnsm 

Outtrnksozide  

Ctfbooie  add 

SoIplmroDS  add 

Bn^^nnttod  l^dngcn  ..•..< 
Vi^oar  of  nlpnid«  of  carbon 

Ilydrodlorie  aeid  gM 

PhmgiBno  gM » , 

Kitrooi  <Hdde 

Nitrieozlde   

Ammoolsalga* 

Okaantsaa 

Light  esrimietted  hydrogen. 

Cnnogm 

Hjnlroqnnie  acid  Tapoar  . . . 

Aleoludv^wnr 

Ether  vapoor 

Yqpoor  «  hydrochloric  ether 


1000 
0-924 
0-470 
2-628 
1020 
1-167 
1-626 
2-260 
2-187 
6-179 
1-627 
8-9S6 
1-710 
1030 
1-309 
2-302 
1-604 
2-882 
1-631 
2-220 
6-280 
8-720 


From  these  numbers  Duloug  concludes  that  when  a  compound  gas  is  of 
an  acid  nature,  its  refractive  power  is  below  the  calculated  mean,  but  above 
the  mean  when  the  gas  is  alkaline  or  neutral ;  hydrochloric  ether,  however, 
forms  an  exception  to  this  rule.  If  it  be  admitted  that  the  refractive 
power  of  a  substance  is  directly  proportional  to  its  density  and  combusti- 
bOity,  the  latter  will  be  found  by  dividiag  the  refractive  power  by  the 
apecific  gravity.  The  quotients  in  column  E  agree  very  well  with  this 
view ;  hydrogen  has  the  greatest  refractive  power,  and  oxygen,  the  sub- 
stance most  opposed  in  its  properties  to  combustible  bodies,  the  smallest. 
The  other  numbers  also  agree,  excepting  that  the  refractive  power  of 
Bidphide  of  carbon  should  be  smaller  than  that  of  sulphuretted  hydrogen, 
amoe  the  former  contains  2  atoms  of  the  less  combustible  substance  std- 
phnr  to  1  atom  of  carbon,  the  latter  equal  numbers  of  atoms  of  sulphiur 
and  hydrogen ;  the  refractive  power  of  nitrous  oxide,  again,  ought  to  be 
amallw  than  that  of  nitrogen,  since  nitrogen  must  lose  some  of  its  refract- 
ing power  by  combining  with  oxygen. 

bome  compoxmds,  in  passing  from  the  gaseous  to  the  liquid  state, 
increase  in  refracting  power  more  than  in  density,  as  was  first  noticed  by 
Arago  and  Petit.  The  absolute  refractive  power  of  liqmd  sulphurooB 
add  ought,  according  to  calculation  from  that  of  the  gas  to  be  0*661 :  its 
actual  value,  however,  is,  according  to  De  la  Rive,  0*78  (Ann.  C^m. 
Phys.  40,  410,  abstr.  Pogg.  15,  528) ;  that  of  hquid  ammonia  should  by 
calculation  from  that  of  ammoniacal  gas  be  0*725,  and  that  of  sulphurett&i 
hydrogen  0*767 ;  but  according  to  Faraday,  the  refractive  powers  of  both 
these  Uqnids  exceed  that  of  water,  which  is  0*784. 
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O^ottr. — Cokmrlcss    eabstanoes    p^tmcrany  pmdnce   oolourins  com- 

ponndfl ;  Init  colourless  nitrogen  combined  with  ailoariees  oxygen  forms 
blue  uitrouB  acid  aud  red  liy]Miiiitric  acid ;  and  in  the  organic  kingdom 
we  see  a  great  variety  nf  cfiloured  nompounds  formed  by  the  utiiim 
of  carbon  (wliich  is  colourk*»H,  at  least  in  the  diamond),  hydrogi-n, 
osygt-ii,  and  sometimes  aLw)  nitrogen.  Cokjored  bodies,  such  as  sulphur, 
Bclcnium,  iodine,  and  the  metaln,  generally  form  coloured  componndii  by 
oomlrination  amongst  tbeniBelveR  ;  nevertheless,  iodide  of  {^Mitassiuiu, 
chloride  of  load,  and  chloride  of  silver,  &c,  arc  colonricss.  The  com- 
poands  of  coloured  with  colourless  bodies  arc  sometimes  colotlred,  some- 
times not ;  thus  the  compomids  of  oxygen  with  siilpbur,  selenium,  iodine, 
bromine,  chlorine,  and  nitist  of  the  lighter  tiit^tals,  are  white,,  those  with 
the  heavier  metals  coloured.  In  the  present  state  of  chemical  knowledge 
the  colour  of  a  o»)mpound  cannot  be  determined  beforehand  from  those  of 
its  oftnstituents  ;  it  often  differs  greatly  from  them.  The  red  metal 
c»i|»per  combined  with  colourless  oxygen  forms  a  brown-black  oxide,  and 
tliis  o«>nibine<l  with  colourless  sulphuric  acid  forms  a  white  salt,  which 
again  in  combination  with  wat<T  produces  the  blue  crystals  of  hydrated 
sul[>linte  of  c<ip|)er  or  blue  vitriol,  (jrey  chromium  with  a  certain  quan- 
tity of  laygen  forms  a  green  oxide,  which,  combined  wUh  various  coiour- 
IcKM  acids,  forms  salts  of  which  some  are  green,  some  violet ;  with  a 
lurgrr  quantity  of  oxj-gen.  chromium  forms  the  yellowish  re<l  cliromic 
aci«l,  whose  «»nji»ound8  with  bases  are  sometimes  yellow,  sometimes  red. 

The  law    of    Pereoz   (Ann.   Chim.  Phi/s.   60,    127;    also  Arm,   Pharm, 
18,  25fi).  viz.,  that  when  the  higher  oxide  of  a  metal  is  white  or  sligl 
coloured  the  lower  is  blue  or  dark  coloured,  and  when  the  higljcr  oj 
ha»  a  dark   colour,  the  lower  is  white   or  fauitly  colouivd,   is  tine 
vegardii  cerium,  titanium,  tantalum,  tungsten,  nioiybdenum,  and  man^ 
neae,  but  not  wntb  regard  to  arsenic,  antimony,  and  tclliiriuni,  lx)th  whose 
erxidcA  are  wliitc  or  light-onlonred,  nor  with  regard  to  clipper,   silver^ 
gold,  platinum,  and  others,  both  whose  oxides  are  dark-coloured. 

/.   Chemical  and  Pfn/in'oiofficfil  RehttioM, 
A  oheroktal  comjiouiid  generally  differs  altogether  from  its  elements, 
boUi  in  its  aflinlties  aud  in  its  notion  on  living  animal  l>odies.     In  some 
CMeSf  combination  develops  active  chemical  and  physiological  properties, 
Id  OtMfv  it  il4'sln>y8  Xh*m}  which  jtreviously  Monged  to  the  elements. 

Neither  snl^jhur  nor  oxygen  exhibits  any  affinity  for  the  gn'ater 
niunber  of  sulihable  bases:  but  tlie  affinity  of  sulphuric  acid  for  these 
Immbb  is  verj'  strong :  again,  neither  of  these  elements  re«ldens  the  blue 
colour  of  litmus,  but  this  effect  is  readily  prcKluced  by  sulphuric  arid; 
the  Mine  eletncnts  are  also  tasteless  and  destitute  of 'txirrosivc  action, 
^Hmtm*  sulphuric  acid  lins  a  sour  taste  and  is  highly  corn  mi  ve.     Nitro- 

PAgaiti^  which  by  itself  is  one  of  the  most  indifferent  of  the  elements, 
ttOM,  b  »"mbinatiou  with  oxygen,  the  corrosive  substance  nitric  aci<l; 
with  hydrogiri.  tl  i  lul  alkali  ammonia;  and  with  carbon  and  hydro- 

gen, the  highly  i  ydrocyanic  acid.     The  jKiisonojis  action  of  many 

metala  kl  not  devil  )|x  il  till  tiny  are  combin«'<I  with  oxygen,  chlorine,  or 
Other  bocUmof  like  iiatun*.  Are  these  pro|>i'rties  actually  produced  by  tlio 
act  of  combination,  or  are  they  previously  Intent  in  the  «'h  incnts  and  bnnight 
into  active  oin-ration  when  thoMc  eh-ments  are  iMmbijie«l  with  «itlier»T 

Vcnnr.  (Ann.    Chim.   I\,fn.  CO.    lL'7,    also    Ann.    Ph,rrm.    18,   iTiA)    haa 

laid  down  Ww  two  foUowing  laws:—!.  .Ml  bo<Iie«  which  in  combination 

dilurioo  fonn  aiOJiwands  volatile  below  tljo  boiling  point  of  Oicreury, 
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produce  acids  when  combined  with  oxygen ;  viz.,  hydrogen  [?],  carbon, 
l)orou,  phosphorus,  suljihur,  Beleiiiuni,  bromirK',  iodino,  nitrogen,  siitciura, 
tituiiimn,  tungHtcn,  vaiiailiiini,  ciironiium,  uruniunij  uiangauc^se,  arsenic, 
antimuuy,  tin,  and  oamiurn.  Thiw  law  appt'ara  to  fail  in  the  case  of 
mercury  itst^lf,  which  prodnc-ew  no  acid,  init  is  ruitwitlistanding  loss  vola- 
tile than  corrosive  subiitnate.  2.  All  cuinponrids  containing  1,  3,  6  or  7 
atoms  of  oxygen  are  either  acid  or  buaic;  th<i8e  uji  the  cuiitrary  which 
contain  two  or  four  attuns  of  oxygen  are,  with  a  few  exceptions  which 
di8ap(^)ear  on  a  particular  hypothesis,  neither  acid  nor  basic.  Exceptions  to 
this  law  are — C'O,  which  is  neither  acidno  r  basic,  Mu(J',  WP,  and  PtO*, 
which  are  bases,  aud  C0»,  SO*,  ScO*,  TiO»,  SnO',  and  TcO*,  which  are 
acids.  The  manner  iji  which  Persoz  endeavours  to  get  rid  of  these  excep- 
tions looks  like  a  gratuitous  assumption.  It  is  ncverthelesa  true  that  by  far 
the  greater  number  of  acids  and  bases  contain  an  uneven  number  of 
atoms  of  oxygen. 

The  ca.se  in  which  marked  chemical  and  phyBiological  properties 
existing  in  elements  are  caused  to  disajipear  by  combination  is  most 
strikhigly  exJiibited  in  the  combination  of  acids  with  salifiable  bases :  tho 
effect  is  then  culli'd  Netitrnluution,  Wlieu  an  ai^ifl  and  a  base  combine 
in  certaui  proportions,  their  opposite  pnnierties  are  mutually  destroyed, 
id  a  more  or  less  iudiffi-reut  compnurui  is  the  result,  llydi-oehloric 
sd,  for  example,  tastis  and  smells  strungly  acid  and  reddens  litmus; 
ammonia  lias  a  powerful  alkali  tie  smell  and  taste,  resturen  the  blue  colour 
of  litmus  which  has  been  reildened  by  an  acid,  reddens  tunneric,  and 
gives  a  green  colour  to  violet  juiee — these  changes  of  colour  being  again 
removable  by  acids;  beth  thes*i  substances  in  the  cducentrated  state  exert 
a  powerful  caustic  action  on  the  animal  body,  tliough  in  tlifferetifc  ways, 
and  cannot  therefore  Im'  swallowed  without  injury  except  iu  vciy  small 
quantities  and  in  a  state  nf  (.lihition.  If  now  the  aqueous  solution  of 
bydrochliiric  acid  and  aijueuiis  solution  of  ammonia,  be  mixed  in  certain 

{)rHp(jrti<>ns  (the  required  proiMutions  may  l>e  ascertained  by  the  use  of 
itmus  iir  turmeric  paper)  a  [lerfectly  neutral  compound  will  be  obtained, 
which  reddens  neither  litmus  nor  tunneric,  tastes  and  smells  neither  acid 
nor  alkaline,  but  is  devoid  of  smell  and  has  a  saline  taste,  has  no  cor- 
rosive action,  aird  may  be  swallowed  in  much  larger  quantities.  The 
tw<:>  Bubetauces  have  therefore  nenfral>ze(t  each  other  both  chemically  and 
physiologically ;  a  neutral  compound  has  been  fonned ;  neutrttliti/,  chemiiml 
equilibrium,  chemical  indifference  has  Ixren  produced.  The  proportion 
iu  which  tliis  mutual  destruction  of  cliemical  properties  iu  most  comijleLely 
effected  is  called  the  point  of  nwtrafKalion,  Exactly  enc  atom  of  hydro- 
chloric acid  is  required  to  neutrdize  one  atom  f>f  ammonia.  If  to  this 
natural  compound  a  fresh  quantity  of  hydrochloric  acid  be  added,  tho 
character  of  the  acid  wiU  agjiin  become  evident  by  its  sour  taste  and  its 
effect  on  litmus;  it  will  pm-aif,  preponderate,  or  be  in  ej:cess,  or  the 
ammonia  will  ho  supers<ttia\itcd  w'\{h  hydrochloric  acid:  similar  results,  only 
of  the  oppf)Hite  character,  would  be  obtained  by  adding  lU'jrt;  ammonia  to 
the  neutral  comj>ouud» 

Addenda  to  the  Theory  of  the  Qualitative  Alteration  of 
Elements  in  ComDination. 

Although  the  properties  of  a  citm|>ouiid  arc  mainly  dependent  on  those 
of  its  elements,  and  on  the  proportion  in  which  these  elements  are  com- 
bined, it  has  nevertheless  been  shown  by  recent  experiments  tliat  other 
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lk»«iM  liATC  M  iaIfncB  tm  Urn  aattaf^  aad  UmI  cob- 
mot  vaMft  oMBpOMd  ol  the  auae  rakataacM  in  &e  mmo  pcopofw 
'  y«l  |PP«MMiHgr  inny  dUfeient  propefties.    To  iIm  part  af  the 
•C^Utodwrilck'*  tfaaoiT  of  DinotiilMB.  F^cfc'.  theotr  of 
and  BOTadW*  Aeoiy  of  iMnenB,  Poljanwn,  and  lf««ft^ 


M   rA«   Prtftriim  of  Coa^otmdk,iMtk  wtaKg  U 

H^hmk  9f  di^ermt  Modm  0/ Arrmnftmml  •[  Ha 

IHmt^rphigm  and  TrimorpUgm. 

Bf%mr  Rtiliiif  nnwii,  whothcr  nimplo  or  crimpoandy  '**7' ' 
.  twn  fir  fliree  different  sy»tenM  o(f 
>itK  to  liic  name  Hy8U'm,  yetexhAiti 
nij^icH  OH  to  render  it  qiiit«  inpoflflik  to  reduce 
tii;  thin  WA^  fifflt  shown  hy  Mitadietfich.    Thk  dif^ 
iiK'  fonn  id  lutwNriatfd  with  differenoe  of  andfic  gravity, 

•  fit  iiUht  pro)KTticA.     Whether  a  bodj  shaD  crystaDifle 
iir-r  MM'iiih  to  depend  chiefly  od  temperatare.   Crystab 

,...<;..  til,tr  tfiit|K<ratnre,  and  then  exposed  to  that  tempera- 

«i  Ml  whli  li  iryatitlH  of  n  difTercnt  kittd  are  produced,  often  lose  their 

■■'■  III  nltrration  of  extenial  form,  become  changed 

II  crvwtalM  nf  tlio  latter  kiud.    We  may  therefore 

n  I  Ik   >ii.<  Ml   the  n"lid  crystnl  displace  one  another  in  such  a 

Iti  hriiikf  ah'tit  that  partirnlar  arrangement  which  tliey  are  dis- 

•  ''       ''.  i«"d  trniiMirtttiire,  the  new  arrangcmcDts  belong- 

lit  hitherto  ol)«erved,  including  those  relating  to 

\  MtalH  lM'lf»ncingto  the  regular  syptem ; 
MtiMn, — utilcsH  the  latter  are  to  be  rc- 

'  1  om  a  fttato  of  solution  in  sulphide  of 
farlMih',   HI  1 1  I'lifi'inK;  <'»  the  right  prisraatic  system 

ijfj^.    41      4li  .  ..f   native  stilphur;    if,  on  the  other 

iiind.  MH'Hod  utilphm  ♦••>  iilU.wt'd  t»»  oh)!  nlowly  till  a  pjrtion  of  it  has 
iKHitnio  nolid,  aitd  Ihf  nidi  llijitld  |i..rtiori  W  then  j>oured  out,  the  solidified 
txiriloii  rxhiliU*  iddli|U«»  ihHnd«ir  priHiim  lielonging  to  the  oblique  pris- 
tnatki  RV*t««in.  Tin  k.  <>i<  iki  llinl  iierfei'llv  trfinHfMirent^  of  a  deep  yellow 
colour,  wmI  homh  ^  id  ihiiKoi  thnii  those  of  sulphiu- ciystalfiaed 

In  the  eold  1  Iml  .>;  ;  '  ,>  pt  for  n  few  days  at  ordinary  temperatoree, 
Ihey  lK»eoni«»  opaipHi,  and  of  a  nfniw-yellow  colour.  At  the  lower  tom- 
p<»ratur*s  tlierrfon',  till'  atouiii  of  nulphur  arrange  themselves  to  s«ch  a 
manner  an  to  fonn  a  rhmubly  ««^lohedron  ;  at  the  higher  temperature  juat 

»-' the    melting   fioint    (alx.ut    170'  f'.,   or   224"  Fah.),    the   mode  of 

nt   m  mu'U  a>t    to    pnxluiv  an   oMItpje   rhombic  prism.     When 

iumI   rryHt»l»»   aw  bnmglit  l<i   a  lower   teinixTature,  a 

<  rif  of  the  atoms  apjw'M'H  to  t*ke  place,  wherrby  they 

the   particular   reUtive   poHiliiui   which  Ixdongs  to  the 

■  n  ;  nnd  (liin  rlmnge  destroys  their  transparency,  bccaoae, 

'  d.  Mil  iiif;^r<'gate  of  crystalline  particles  is  produced 

in   different   directions  (Mit-sc^berlich).      Aoiv)rding 

;'.  Cfniji.  10,  b),  sulphur  assiunce  the  form  of  the 
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oUiqiie  ibomlm:  prism  when  precipitated  from  solutions  or  sublimed  at 
temperatoies  near  its  melting  point. 

Native  copper  generally  occurs  in  cubes  and  other  forms  belonging  to 
the  regular  system ;  but  Hauy  once  found  it  in  double  six-sided  pyramids 
with  tnmcated  edges  {jig.  138).  Seebeck  likewise  obtained  copper  after 
fusion  in  crystals  belonging  to  the  rhombohedral  system.  According  to 
Haidinger  and  H.  Rose  (Pogg  23,  197),  however,  these  crystals,  which 
appear  to  belong  to  the  rhombohech'al,  are  really  macle-crystals  of  the  cube 
with  pyramidal  summits  {Jig.  9),  and  therefore  belong  likewise  to  the 
regular  system. 

Suboxide  of  copper  occurs  in  ordinary  red  copper  ore  in  regular  octo- 
hedrons  and  other  forms  belonging  to  the  regular  system,  but  in  copper- 
bloom  it  exhibits  a  regular  six-sided  prism,  whose  planes  of  cleavage  are 
parallel  to  the  faces  of  an  obtuse  rhombohcdron.  (Succow,  Pogg.  34,  528.) 
This  may  be  regarded  as  a  case  of  dimorphism  sirnilar  to  that  of  copper, 
in  so  far  as  the  latter  is  really  dimorphous. 

Protoxide  of  lead  crystallises  after  fusion,  as  well  as  from  a  saturated 
solution  in  hot  concentrated  caustic  potash,  in  yellow  rhombic  octohcdrons. 
If,  however,  the  solution  is  not  fully  saturated  with  oxide  of  lead,  so  that 
cxyBtaUisation  does  not  take  place  till  after  complete  cooling,  red  crystal- 
line scales  are  deposited  on  the  yellow  rhombic  octohcdrons  just  formed : 
if  the  red  crystals  are  heated,  they  turn  yellow  on  cooUng,  in  consequence 
of  passing  into  the  first  form,    (Alitscherlich,  J.pr  Phetn..,  19,  451.) 

Oxide  of  titanium,  Ti  0*,  occurs  in  nature  in  the  two  forms  of  anatase 
and  rutile.  Although  both  these  crystals  belong  to  the  sqiiare  prismatic 
system,  their  angles  are  incompatible ;  they  cannot  be  reduced  to  the 
same  primitive  form ;  the  specific  gravity  also  of  anatase  is  3*826,  that  of 
rutile  4-249. 

Arsenious  acid,  As  0*,  generally  crystallises  in  regular  octohcdrons  j 
but  Wohler  (Pogg.  26,  177)  found  it  also  in  the  form  of  native  oxide  of 
antimony,  Sb.  O*  (Weissspicssglanzcrz),  which  belongs  to  the  right 
wismatic  system.  Wohler  also  obtained  artificially  crystallised  oxide 
at  antimony  in  regular  octohcdrons.  Consequently  AsO'  and  SbO'  are 
iao-dimorphous ;  i.  «.,  they  are  capable  of  crystallising  m  two  different 
forms  which  are  similar  each  to  each. 

Bisulphide  of  copper,  Cu*S,  appears  in  copper-glance  in  crystals  of 
the  rhombohedral  system  (fg.  131,  132,  135,  137)  ;  but  Mitscherlich  {Pogg. 
28,  157),  by  melting  together  large  quantities  of  copper  and  sulphur, 
obtained  it  in  regular  octohcdrons.  These  two  forms  are  the  same  as 
those  of  copper  and  its  red  oxide. 

Bisulphide  of  iron  occurs  in  nature  as  iron  pyrit^  in  crystals  belong- 
ing to  the  regular  system,  {Jig.  18,  19,  20,)  and  as  white  iron  pyrites  m 
those  of  the  right  prismatic  system,  the  latter  being  of  a  paler  yellow 
and  much  softer.  Breithaupt  imagines  that  the  oblique  rhombic  sulphur, 
which  may  be  supposed  to  exist  in  common  iron  pyrites,  has  imparted  the 
hemihedral  character  to  the  iron,  which  has  retained  its  origuial  system, — 
and  that  the  white  pyrites,  which  in  form  resembles  the  rhombo-octohedral 
sulphur,  may  contain  this  kind  of  sulphur ;  and,  accordingly,  that  the 
white  pyrites  has  been  formed  at  a  lower  temperature  than  the  common 
variety. 

Protiodide  of  mercury  separates  from  solution,  and  likewise  sublimes 
at  a  very  gentle  heat,  in  scarlet  tables  belonging  to  the  square  prismatic 
system,  but  when  sublimed  at  a  higher  temperature,  in  sulphur-yellow 
rhombic  tables  of  the  oblique  prismatic  system.    The  red  crystals  turn 
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yellow  as  often  as  they  are  heated,  and  resome  thdr  red  tint  on  ooo&g. 
The  yellow  crystals  obtained  by  snUimation  retain  their  ooknir  when 
oooled ;  bat  on  the  slightest  nibbing  or  stining  with  a  ptwated  instm- 
ment,  the  part  which  is  toocfaed  turns  scarlet,  and  this  diange  of  cokmr 
extends,  with  a  slight  motion,  as  if  the  mass  were  alhre,  throogfaont  the 
whole  groop  of  crystals  as  far  as  they  adh^e  together.  In  this  case,  the 
external  Umn  of  Uie  yellow  crystals  remains  ondianged,  while  the  com- 
pomid  atoms  must  have  taken  np  the  relative  position  whidi  belongs  to 
the  red  crystals,  pseodomorpboas  aystals  bdng  ther^y  prodooed  The 
■ame  cr>'8tals  turn  yellow  every  time  they  are  heated,  and  red  again  <n 
oot^g.  (Ilayes,  SOI.  Am.  J^  16,  174  :  also  Sche^  57,  199.)  The  original 
red  crystals  also  torn  ydlow  when  heated,  and  retain  thu  ocdoor  after 
oooliug  /or  several  days,  even  when  tonched  with  foreign  bodies,  and 
at  length  spcwtancoosly,  bat  very  riowly,  resome  thdr  red  ccJoor.  When 
the  tkA  crystals  are  sablimed  at  a  very  gentle  beat,  red  and  ydlow 
crystals  sublime  together.  If  a  glass  plate,  having  both  red  and  yellow 
crystals  on  it,  be  warmed  so  gently  that  the  red  ones  do  not  change 
ooviur,  but  suUimation  nevertho^  goes  on,  both  red  and  yellow  ctystus 
CfAn-X  on  a  plate  held  above  the  former.  Now,  since  the  upper  plate  is 
cooler  than  the  lower,  and  the  latter  is  not  hot  enough  to  diange  the 
colour  of  the  red  crystals,  the  yellow  crystals  cm  the  upper  plate  can  have 
come  only  frcim  thtwe  of  the  same  ookmr  on  the  lower ;  they  must,  tiiere- 
fore,  have  sublimed  as  yellow  crystals,  and  the  v^>onr  of  the  yellow 
crystals  must  be  different  from  that  of  the  red  ones.  (Frantenheim, 
J.pr.  Chem.,  16,  4.) 

Carbonate  of  lime,  CaO,  00*,  in  the  form  of  calcspar,  whoee  fsp.  gr. 
wt  2'7'2l,  belongs  to  the  rhombohedral ;  in  arragonite,  whoee  spu  gr.  is 
8*931,  to  the  right  prismatic  system.  (An  explanation  of  this  <Merenoe 
was  fonncrly  souglit  in  the  fact  discovered  by  Stromeyer,  via.,  that 
arragonite  usually  contains  small  quantities  of  carbonate  of  strcmtia.) 
Tlie  Miiuu  iKsculiarity  is  [iresented  by  carbonate  of  iron,  FeO,  CX)*,  whidi  in 
S|iarry  iron  oru  (of  3*872  sp.  gr.)  has  the  form  of  calcspar,  in  innkerite  (q[ 
tt'HlA  Hp.  gr.)  that  of  arragonite.  Uence  CaO.  Co*,  and  FeO,  CO^  aro 
is<i<liiiii)rt)hims.  If  a  s(»lutiun  of  carbonate  of  lime  in  water  contaimng 
auiftiiU'  lu'id  Im^  k>ft  to  evaporate  at  the  orchnary  temperature,  nothing  is 
obtuiiii-rl  but  t'uloHiiur,  in  micn.«ci.>pical  and  for  the  most  part  truncated 
|)riiiiiliN«'  rliiiiiilMiidH  {^y,  142);  if  on  the  contrary,  the  solution  be  evapo- 
rat<!<)  over  the  wuter-l«ath,  arragonite  is  obtained  in  small  6-sided  prisms, 
UiiKcd  wit  1 1  a  fvw  crystals  of  calcspar,  because  the  temperature  of  the 
NfJulioii  is  lower  at  lirst  than  it  afterwards  becomes,  and  the  sp.  gr.  of  the 
liqiii'i  is  not  higher  tlian  2*803.  \Vhen  an  aqueous  solution  of  oiloride  of 
cakiuiii  is  mixed  at  ordinary  tcniperaturce  with  an  aqueous  solution  of 
oarboiiuto  of  ununonia,  a  voluminous  Oocculent  precipitate  of  chalky 
(aiiiorplioiiH  ?)  uarlM>uate  of  lime  is  first  produced,  whidi  if  immediately 
oolkN'.tcil  oil  a  tiller,  waslunl  and  dried,  remains  unaltered,  poesessing  a 
■p.  gr.  of  2*7 1(>,  and  ap|H>aring  under  the  microscope  to  consist  of  smaU 
opa«}iiu  granules  ;  but  if  this  same  precipitate  be  left  for  some  time  in  the 
aaMuv  liquid  froui  which  it  has  been  precipitated,  it  odlects  into  micro- 
scopical iTystals  of  calcs|iar,  of  2*719  sp.  gr.  If  the  same  saline  solutions 
be  nux4^  boiling,  the  curLH>uatc  of  amnoonia  being  added  to  the  chloride 
of  calcium,  arragonhe  is  obt4>ined.  mixed  with  a  ^lall  portiiW  of  calcspar. 
If,  on  the  contrary,  the  chloride  of  calcium  be  added  to  the  carbonate  of 
ammonia,  arragonite  is  obtained  alone,  in  exceedingly  small  orystals  of 
2-949  sp.  gr.    If,  however,  these  crystab  are  not  immediate  collccte4 
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on  a  filter,  washed  Jand  dried,  but  allowed  to  remain  in  tlie  liquid,  they 
gradually  chan^  after  the  liipiid  hn»  conlful,  atid  in  aVKint  a  w<.'ok  are 
completely  converted  into  calcspar ;  in  pure  water,  tliis  transformation 
goes  on  much  more  slowly.  When  earbonate  of  lime  is  fused  luider 
strong  pressure,  as  in  Hall's  methiitl,  it  invariably  crystatliseR  on  cooling 
in  the  form  of  calcspar.  A  tolerably  hirp^e  crj'stal  of  arrafronite  falls  to 
pieces  at  a  low  red  heat,  without  lofiing  weight,  and  fonuH  a  white  ojMiquo 
coarse  {xjwder,  having  a  sp.  gr.  of  only  2-706.  Ilcncc  it  folluwH  that 
carbonate  of  lime  crj'stallises  at  alioat  KiO"  C.  in  the  ft:>rm  of  arragouite, 
but  at  a  lower  temperature,  and  at  a  red  heat,  in  the  form  of  cjilcspar. 
The  arragouite  which  c)cctirs  in  the  eavcnis  of  volcanic  iliHtricts  must 
have  been  fonned  by  infiltration  while  the  mass  was  yet  warm.  Ac<;ord- 
ing  to  these  experiment*,  carlwdiate  of  stritntia  is  nut  ncooKsarj'  to  the 
formation  of  arragonite ;  indeed,  many  ajtecimeus  of  nutnral  niragonit^ 
are  free  from  it.  Since,  however,  arragouite  and  Wirbouate  of  Htrontia 
crystallise  in  the  same  form,  tlu*  latter  may  nfton  become  mixed  with 
crj'stals  of  the  former.  If  chloride  of  strontium  be  doeomp<iseil  by  car- 
bonate of  ammonia  in  the  cold,  carbonate  of  strttutia  precipitates  in  an 
indeterminate  fonii,  but  assumes  the  form  of  arragouite  on  IxMtig  heated. 
Chloride  of  barium  and  chluridc  of  k-ad,  treated  with  carbonate  of  auimo- 
nia  in  the  cold,  j-ield  precipitates  of  carbonate  of  liuryta  and  carbonute  of 
lead  in  the  form  of  arr.ignnite.  The  carbonat(iH  nf  l)arj'ta,  strontia,  and 
lead,  cannot  be  made  to  assume  the  form  of  calcspar.  (11.  Rose,  Pogg.^ 
47,  353.) 

Nitrate  of  potash  usually  crystallises  in  priwrns  of  the  form  of  arrago- 
nite  :  but  if  a  drop  of  the  a^iuenus  solution  uf  this  salt  be  left  to  evaporate 
on  a  glass  plate,  and  the  crystalliwition  ohaervod  under  the  nucroscopc,  it 
will  be  f<:iund  that,  side  by  side  with  the  prismatic  crystals  at  the  edges  of 
the  drop,  anumlx.'r  of  obtuse  rhomboids  c*f  the  calcspar  form  are  produced, 
just  like  those  in  which  nitrate  of  suda  erj-stallises.  As  the  twn  kinds  of 
crj'stals  increase  in  size  and  approach  one  artother,  the  rhomboids  become 
rounded  off  and  dissolve,  because  tht;y  arc  more  easily  solublt!  than  the 
others,  while  the  arragonite-shaped  prisms  go  on  increasing  in  size.  When 
the  two  kinds  of  crystals  come  into  immediate  c<^uitact,  the  rhfimboidal 
ones  instantly  become  turbid,  acquire  an  uneven  surface,  and  after  a  shurt 
time  throw  out  prisms  from  all  parts  of  their  surfaces.  Contact  with 
foreign  bodies  also  brings  ab<tut  the  transformation  of  the  rhnnibuids 
while  they  are  wet.  If  the  drops  are  so  shallow  that  the  hquid  dries 
round  the  rhondioids  before  they  are  disturbed,  they  will  remain  for  weeks 
without  dibiiitegratitig,  and  bear  gentle  pressure  with  foreign  bodies 
without  alteration  ;  but  stronger  pressure,  or  scratching,  or  the  mere  con- 
tact of  a  prismatic  crystal  of  saltjx'tre,  causes  them  to  change,  a  delicate 
film  pror^-eding,  as  it  were,  frum  the  fxiiiit  of  contact  and  spreading  itself 
over  their  suiiaces  ;  theytheii  behave  towards  foreign  bndies  like  a  heap 
of  fine  dust,  but  retain  their  transpareucy.  The  rlntmbohedrons  are  also 
transformed,  without  aheration  of  extcnial  apf)earance,  when  heated  con- 
siderably above  100"  C. :  they  then  Iwcome  much  harder,  because  the  tine 
ptjwdor  first  produced  bakes  together  into  prismatic  crystals.  A  hot 
solution  of  saltjietre  yields,  when  slightly  coohsd,  nothing  but  prismatic 
crj'stals  ;  but  at  10° C,  (4-  l-l''  Fah.)  jirismaticand  rhombic  crystals  ajipear 
together;  if  iilcohol  be  added,  the  hitter  are  formed  most  abundantly;  the 
addition  of  {jotasli,  nitric  acid,  or  nitrate  of  soda  produces  no  alteration. 
(Frankenheim,  Futj'j.  40,  447 ;  also  J.pr.  C'kem.  IfJ,  1.) 

Sal-ammoniac,   which    commonly   crystalUecs   in  regular  oclohedrons, 
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appears  at  hig-her  tern|X!rataro8  to  assume  formB  belonging  to  the  right 
prismatic  system.     (Fraiikerihoim,  J.  pr.  Chtm.  If!,  Z.) 

Iodide  of  jH^^tassium,  wliich  usually  crystallises  in  cubes,  likewise 
forms  square  nrisins  with  truncated  sumruits  {fig.  32)  which  cautjot  bo 
rcffardod  as  ruiKi-nctfihei}ri>ii8,  bcM^ause  their  ^-faces  make  an  angle  of  120° 
with  /}  and  of  about  loO°  with  q.     (Kane,  Phil.  Mwj.  J.  li>,  222.) 

Chrotiuite  of  lead  (K'curs  in  red  lead  spvr  in  the  fonu  of  oblique 
rhomliic  prisms:  but  iti  iliromute  of  lead  from  the  BannHt,  tho  saiue  snb- 
etance  presents  forms  belong-ing  to  the  Ncpiure  [irisiitatic  system,  liaving 
the  same  angles  as  mnlvbdate  of  lead.     (Johnston,  Phil.  Mtuj.  J.  12,  ;'>n7.) 

Sulphate  of  nickel" (NiO,.S()»,  7Aq)  crystalhsea  {a)  below  15°  C. 
(59"  Fall.)  in  right  rhombic  prisms  (%.  73);  [b)  between  1.'*"'  and  20°  C. 
(59°  and  08"  Fah.)  in  acute  octohedrous  with  scpmre  bases  (/«/.  30,37); 
and  {c)  above  30"  C.  (8(1''  Fah.)  in  ohIi(pie  rhombic  [irisins;  therefore 
informs  belonging  to  tlie  right,  square,  and  oblique  prismatic  systems: 
hence  it  is  trimorphom.  The  rigiit  rhombic  ]irisnjt»  (//),  when  exiK)8cd  to 
sunlight  for  a  few  days,  neither  liquefy  nor  lose  their  form  nr  water  of 
crystallisation,  but  when  broken  are  found  to  be  nmdc  up  of  square-based 
octohcflrons  often  several  lines  in  length. 

The  following  salts,  isomorf^hous  with  suljihato  of  nickel,  have  hitherto 
been  obtained  in  only  two  out  of  the  three  forms  just  mentioned.  Sul[»hate 
of  zinc  (Zn  U,  SU*,  7A<i)  crystallises  below  irf  V.  (12,>-li"'  Fah.)  in  ftmu  a; 
Ik'Iow  52"" C,  as  observed  by  Ilaidinger.  in  less  transparent  crystals  like  c; 
if  crystal  a  be  heated  in  oil  or  in  a  glass  tube  above  02"  C,  it  bei-onies 
soft  at  certain  j^oints  without  losing  water,  excepting  any  that  may  Ikj 
adhering  to  it  mechanically ;  and  from  these  jwints,  bundles  of  milk-white 
crystals  c  shoctt  f>nt  towards  the  inside  of  the  transparent  crystal  until  the 
whole  is  completely  tnmsformed.  If  the  crystals  f)blained  aUfve  52'*  l«o 
slowly  cooled  after  drjdng,  they  remain  tolerably  clear ;  but  when  cooled 

?|uickly  before  drj'ing,  they  boct»me  ojia<^p]e,  and  when  broken  are  often 
omtd  to  consist  of  an  aggregate  of  ci-j'stuls  a,  these  having  l>e<n>  first 
formed  in  the  .idhering  mother-liquid,  and  subsequently  extended  through 
the  crystals  already  formed.  Sulphate  of  magnesia  (Mg(>,S(.>*,  7Aq) 
like  snljiate  of  zinc^  yields  right  rhotiihie  prisms  a  Ix-low  o2%  ami  oblique 
rhondtic  prisms  c  al)ove  .52"' ;  and  the  ci^j'stals  «,  when  heated  al»ove  52%  am 
iinmeiliately  converted  into  an  ojiaqne  aggregaite  of  crj'stals  c,  which 
pr«x;eed  from  the  surftwe  fif  the  crvstals  and  moot  in  the  middle.  Seleniato 
of  zinc  (ZnO,  .SeO*,  7.\q)  crystallises  at  a  lower  temperature  like  r/,  at  a 
higher  tomj>erature  Ukc  A,  and  the  crystals  a  undergo  an  alteration  of 
iutern.1l  structure  when  expoBod  to  suiishiae.  (Mitachorlich,  Po<jg.  6,  19 
and  12,  144.) 

Acid  phoKjilmte  of  soda  (NaO,  PO*,  4.\q)  crj'stallises  in  two  series  (»f 
forms  {fi(f.  CA — i\\)  both  of  which  belong  to  the  right  prismatic  system 
but  have  inconqiatible  angles.     (Mitsoherlich.) 

Vi'suvian  (/;/,  39)  and  garnet  [fig.  3)  consist  of  the  same  chemical 
oomjKinnd,  crystallised  in  forms  whicli  iR'long  to  the  square  prismatic  and 
regular  systems  res|)Octively  (Comjt.  page  lOG). 

Knrwten  likewise  reganls  as  dimorphous  comfK>undfl :  Angite  ouJ 
tabular  sp:u- ;  fels]>ar  and  albitc  ;  Bodahte  aud  ticajjolitc. 

fi.  Amorphiam. 

Every  solid  lx>dy  is  either  cryatalliud  or  aiooriibona.      In  tlie  latter 
'  stole  it  is  destitate,  ugt  oa\y  of  cryHtaUine  form  but  of  all  tmocs  of  cryn* 
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taOiiie  stmctnre,  even,  in  its  smaUest  partides.  It  has  no  power  of  double 
refraction^^BS  many  aystals  have,  no  planes  of  clcavagt?,  being  equally 
ea^  or  equally  dimcult  of  separation  in  all  directions,  and  exhibits  when 
broken  not  a  granulaft'  but  a  conchoidal  fracture.  Marble  and  even  common 
limegtone  are  not  amorphous  bodies,  but  aggregates  of  small,  imper- 
feci^  developed  crystals :  glass  is  amorphotis. 

We  often  find  the  same  body  assummg  the  crystalline  or  the  amor- 
phoos  condition,  according  to  the  circumstances  under  which  it  passes  from 
the  liquid  to  the  soUd  state :  some  bodies  again  are  more  incuned  to  the 
ctysttuline,  others  to  the  amorphous  state :  some  are  known  to  exist  in  one 
oidy  of  these  conditions.  The  same  body  is  generally  speaking  specifically 
heavier,  harder,  and  less  soluble  ia  the  crystalUne  than  it  is  in  the 
amorphous  state :  the  atoms  seem  to  be  more  closely  packed  in  the  former 
condition  than  in  the  latter.  According  to  Graham,  an  amorphous  body 
also  contains  a  larger  quantity  of  combined  heat  than  one  which  has  a 
dystalline  structure.  Tne  passage  of  a  body  from  the  amorphous  to  the 
Grystalline  state  is  called  by  Fuchs,  Transformation,  and  the  change  from 
the  crystalline  to  the  amorphous  state,  Deformation.  The  amorphous 
state  is  particularly  apt  to  occur,  when  the  atoms,  either  from  viscosity  in 
the  liquid,  or  a  too  rapid  passage  from  the  liquid  to  the  solid  state,  are  not 
able  to  arrangfe  themselves  in  that  pecuUar  manner  which  constitutes 
orystalline  structure. 

An  amorphous  body  may  be  produced : — 

1.  By  fusion — the  process  is  then  called  Vitrification. — CoHomon  glass, 
many  dags,  obsidian,  pumice-stone,  pearl-stone,  vitrified  borax,  phosphoric 
add,  arsenious  acid,  arsenic  acid,  boracic  acid,  &c.  All  bodies  which 
solidify  in  the  amorphous  state,  form  viscid  liquids  when  melted.  If  a 
body  appears  transparent  immediately  after  cooling  from  a  state  of  fusion, 
it  may  generally  be  regarded  as  amorphous;  but  if  it  becomes  opaque 
•upon  cooling,  although  it  was  transparent  while  melted,  it  is  then  most 
probably  crystalline,  {e.g.  hydrate  of  potash  and  carbonate  of  lime): 
because  the  niunerous  small  crystals  interlacing  each  other  in  all  directions 
refract  light  in  a  confused  and  irregular  manner.  According  to  Graham, 
add  phosphate  of  soda  gives  out  less  heat  at  the  moment  of  soUdification 
than  add  arseniate  of  soda ;  the  former  solidifies  in  the  form  of  a  trans- 
parent glass ;  the  latter  in  that  of  an  opaque  fibrous  mass. 

2.  By  evaporation  of  a  solution. — A  solution  of  gum,  glue,  white  of 
e^,  soluble  glass,  &c.  in  water,  and  of  most  resins  in  alcohol,  leaves  the 
dissolved  bodies  in  an  amorphous  state  when  the  Uquid  evaporates.  All 
these  bodies  require  but  a  very  small  quantity  of  tne  solvent  to  retain 
them  in  the  liquid  state :  consequently,  after  the  greater  portion  of  it  has 
evaporated,  they  still  remain  dissolved  and  form  very  thick  solutions,  the 
viscosity  of  which  appears  to'  prevent  the  particular  mode  of  approxima- 
tion of  the  atoms  required  for  crystalUsation. 

8.  By  predptation. — Most  if  not  all  voluminous,  gelatinous,  and 
Tisdd  precipitates  must  be  regarded  as  amorphous.  Some  of  them  retain 
this  condition  even  after  remaining  for  a  long  time  in  the  liquid,  and  form, 
after  washing  and  drying,  earthy  or  transparent  masses  having  a  con- 
choidal fracture  like  alumina  or  phosphate  of  lime;  others  sink  to  the 
bottom  of  the  liquid  in  which  they  are  produced,  and,  with  various  degrees 
of  rapidity,  collect  themselves  into  an  agg^gate  of  small  crystals,  e.g.  uric 
add  and  carbonate  of  Ume.  [Comp.  Link  (Fogg.  46,  250) ;  Mitscherlich 
{Ann.  Chim.  Phy$.  78,  889);  Erdmann  (/.  pr.  Chm.  19,  843,  846  and 
863.)] 
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The  following^  is  a  liflt  of  bodii?s,  clenncntaiy  substances  included,  iii 
which  Ixith  ciinditionfi  hiivi:  been  observed:  ^ 

Carimu  18  erystallised  in  the  liianinmi,  amorphous  in  charcoal  and 
Ianin-bh>ck.  and.  according  to  Fuchs's  view,  in  pnijilfile  also. 

l*hoHj>hftniR  kept,  under  water  in  Itio  dark  becumoB  covered  with  a 
wliiti"  ojKitnie  cnist,  wliich  contains  no  water,  but  consists  nf  pure  phos- 
phonis,  and  when  heated  above  104"  Fah.  niclt^i  apain  without  loss  of 
weif^ht  to  tlio  state  of  ordinary  phospiionis.  (II.  Hose,  Fogg.  27,  563.) 
One  of  thest!  two  conditions  is  probably  aniorplmuw. 

When  sulphur  is  heale«l  considenibly  iibnve  its  nieltinp-  point  to  about 
180'  or  200'  C.  (3r»fi'^  or  :VJO"  Fah)  till  it  becomes  ouite  viscid,  and  then 

Enured  into  water,  it  sohdilies  to  a  soft,  liyacinth-rod,  vitreous  mass,  which 
owcver  in  a  few  days  resumes  its  crystailiue  stnicture  and  l>ecomes 
yellow  and  opaque.  (Fuclis.)  When  tliis  soft  vitreous  sulpliur  is  placed 
in  an  oven  heated  to  alK)ut  US"  C.  (iOH"  Fah.)  its  temperature  as  soon  as 
it  reuclies  93°  C.  (199-4''  Fah.)  rises  Buddeidy  to  llO"  C.  or  230'  Fah.  and 
it  then  iKJComes  hard:  a^nsequently,  at  a  temp^'rature  near  it«  melting 
point,  the  sulphur  passies  quickly  to  its  ordinary  crj'statline  state,  the 
chang-e  being  accfimfianied  by  a  disenpa^ement  of  heat.  (Rof^rnault, 
Ann.  Chem.  Pkiis.  76,  206.)  At  different  tem|)cniture8,  melted  sulphur 
may  exist  in  three  different  states,  colourless,  yellow  and  red.  By 
warming'  a  small  quantity  of  flowers  of  sul[)hur  on  a  glass  plate,  or  by 
sublimation,  we  may  otitain  colnurlesa  drops  which  often  remain  for  weeks 
withont  crystallising:  they  afn»ear  to  corresjxind  to  the  rhonibo-octohedral 
sulfihur.  At  a  higher  ti'rnncrature,  these  dro|>«  bec<»nie  yellrnv,  then  by  a 
quick  transition  green,  and  lastly  dark  red.  A  dmp  of  HulpSmr  unequally 
heated  exhibits  a  sharp  demarcation  of  the  red  and  yellow  portions ;  the 
crystAls  first  formed  by  wxding  do  not  extend  into  the  red  part.  The 
yellow  melted  sulphur  may  perJiajie  corresfKind  to  the  oblique  rhombic, 
tlie  i-ed  tu  Sumo  other  (the  amorphous)  variety.  (Frankeuhehn,  J.  pr. 
Chem.  16.  0.) 

Siiicitun  which  has  not  lieen  ignited  bums  when  heated  in  the  air: 
but  that  which  has  lK>en- previously  ignited  in  hydrogen  gas  does  not :  the 
former  is  probably  amorphous,  the  latter  crystalliae  and  therefore  more 
coherent. 

The  r(>markable  properties  of  platinum-black  arc,  in  all  probability,  dae  to 
an  amorjthous  condition  of  the  metal. 

The  gn-y  native  sulphide  of  antimony  and  the  brown-red  substance 
Cftlled  Kermes  mineral,  must  be  regarded  as  the  same  Of>m|)Ound  SbS'in 
its  crystalline  and  iunorphoiis  states.  Kermes  mineral  fused  out  of  con- 
tact of  air,  suffers  no  alteration  in  weight,  but  crystallises  on  cooling  into 
a  nuMi  resembling  the  native  sulphide :  on  the  other  hand,  Fuchs  has 
■faown  that,  when  the  latter  is  kept  in  the  fused  state  for  a  considerabla 
tinio,  in  a  narrnw  gjiiSH  IuIm?  (if  fused  for  a  short  time  only  the  alt<'rntion 
i«  not  conifJete)  and  then  thrown  into  cold  water,  a  shining  dark  grey 
mass  in  obtaineil.  which  apiM-ars  of  a  dark  hyacinth-red  colour  by  trans- 
mitlrd  light  when  in  thin  lilms,  luis  a  mnchoidal  fracture,  and  a  sp,  gr.  of 
4-15,  whiir  that  of  the  native  sulphide  is  4-7.j2;  when  nibl)ed,  it  yields 
a  red-bruwn  |x»wder  similar  tu  Kermes  mineral,  but  somewhat  darker; 
when«aM  the  native  sul|«hide,  howi'ver  tinoly  it  may  be  {jowdered,  rt^tains 
it«  grev  colour.  When  this  quickly  riMtled  mass  is  again  melted  and 
suffen-il  to  ci>o|  slowly,  it  returns  to  the  crystalline  state  of  the  nativo 
HuliiliiiU*.  Ilapid  ctMiling  pn* vents  the  crystalUuti  arrangemcut,  and  ibo 
buuy  rvmains  for  the  most  part  amorphooa. 
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Tlic  black  sulphide  of  merciirv  obtainod  by  treating'  a  protnsalt  of 
mercury  with  excess  of  Rulplnux'tted  hydrogen  has  exactly  the  Barae  oom- 
p()eitii)n  as  cinnabar,  %i«.,  HgS.  arjd  when  giiblimed  passion  withont  alter- 
ation of  weight  to  the  condition  of  that  substance ;  nn  the  contrary, 
accrtrding  to  Fucha,  when  finely  pounded  cinnabar  m  heated  till  it  begina 
to  8iiblime^  and  then  thrown  into  cold  water,  it  is  converted  into  the  black 
sulphide.  In  this  case,  confrarj'  to  that  of  sulphide  of  antimony,  the 
cryataUinc  sulphide  is  red  and  traneparent,  whilst  the  amorjihous  variety- 
is  grey  and  opaque. 

Chroniate  of  lead,  when  slowly  cooled  from  a  state  of  fusion,  ia  brown 
antl  yields  a  yelhiwish  brown  powdiT,  but  when  Huddi-idy  cooled  by 
thrownng  it  into  o>ld  water,  it  ia  red,  and  j^ields  a  red  jxtwdcr.  (Marchand 
J.pr,  Chein.  19,  65.) 

•  Quartz  \\u»  a  s]x;cific  gravity  nf  2*652,  refracts  light  doubly,  is  but 
very  slightly  soluble  in  boiling  soluti<ui  of  potash,  and  does  iK>t  harden, 
however  finely  it  may  Ihj  divided,  in  contact  with  lime  and  water. 
Opal  has  a  sp.  gr.  of  2-()'J,  refracts  singly,  dissolves  eawily  in  L»oiling 
caustic  potash,  slowly  in  the  same  when  cold,  and  hardens  with  lime  aud 
irater  into  a  mortar.  Both  rnineruls  cinisist  of  niUca.  Ojial,  however, 
txnitains  fn'^m  3  to  12  par  cent,  of  water,  and  the  difference  between  them 
lias  been  ascribed  to  this  circimistarice,  oj>al  being  regiirded  as  a  hydrate 
of  silica.  Hut  for  this,  the  quantity  of  water  iti  opal  is  too  small  and  too 
variable,  Fuchs,  thenifnre,  reg;irds  opal  hh  amorphous  silica,  and  his 
view  is  su|)p<irted  by  the  hwX  that  opul,  after  all  its  water  has  been  driven 
off  by  ignition,  preseuts  almoat  the  same  ap|M.'annii.'e  and  in  nearly  as 
soluble  in  |x»tasli  as  before.  Silica,  artiliciully  prepare;!^  (by  fusing  any 
eilicious  mineral  with  potash,  treating  the  fused  mass  with  (Ulute  hj'dro- 
chloric  acid  iit  excess,  cvaix>ratiMg  to  drjTiess,  and  digesting  in  water,) 
has  likewise,  after  ignition,  the  same  action  with  caustic  potash  that  oj)al 
has,  and  must  therefore  in  like  manner  be  regarded  as  amorphous.  Chal- 
cedony is  a  mixture  of  quarti-.  and  opal ;  lioiling  caustic  iHrtash  dissolves 
out  the  latter  and  leaves  the  former  in  the  state  of  caclielong, 

Arsenious  acid,  when  sublimed  on  the  targe  scale,  solidifies  from  the 
effect  of  the  high  tem]«rature  into  a  perfectly  transparent  glass.  Tliia 
white  glass,  when  kept  at  oniiiiary  tem|>eratureH  for  several  months, 
bewme«  turbid  and  Hubseqncnlly  wliite  and  opaque.  In  this  case  there  is 
probably  a  transition  from  the  amorphous  to  the  ciystalline  state  ;  but  it  is 
remarkabh;  that  (according  to  (jruilRHirt)  the  sjxicific  gravity  dimitiishefl 
from  3-78r>  to  S'fWfj,  and  that  the  opaque  acid  dissolves  rat  lie  r  more  abund- 
antly botJi  in  hot  and  in  cold  water  than  the  transparent,  whereas  in 
other  cases,  the  change  from  the  amor|ihous  to  the  crystalline  state  is 
accompatiied  liy  increased  density  and  dimintshed  solubility.  When  the 
transparent  acid  is  dissolved  in  iMtiling  dihite  hydrochloric  aci«l  and  the 
solution  left  to  c<tol  slowly,  cvciy  crystal,  as  it  separates,  emits  a  vivid 
light.  The  opaque  acid,  when  similarly  treated,  exhibits  no  phospho- 
rescence, unless  it  contains  some  of  the  transjiarent  acid  mixed  with  it. 
It  appears  then  that  the  transition  from  the  amorphous  to  the  crystalline 
state,  which  takes  place  when  Hie  acid  cryRtnlli7.es  from  its  solution  in 
hydrochloric  acid,  is  accompanied  by  an  emission  of  light.  (II.  Rose, 
Poifiji.  35,  481.)  This  phenomenon  seems  alsn  to  show  that,  even  in  a 
state  of  solution,  the  atnms  of  a  solid  may  Iki  arranged,  aometimcB  in  the 
amorphous,  sometimes  in  the  crystulline  order ;  in  the  present  instance, 
since  the  solution  of  the  transpiireut  acid  emits  light  on  ciystaltiaing  and 
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of  the  opaqao  acid  does  not,  tlie  former  mnst  contain  the  acid  in  the 
,  MMrakoiiH  Htuti-. 

CmtMi  i^lnss,  kopt  for  several  hours  or  for  days  at  a  red  heat,  just  Btrong' 
mou^h  t«t  Hoftcn  itt  acijiilres  a  fibnius  texture,  the  change  proceetUiig 
ffradtmlly  from  the  stiiface  Ujwiirds  the  interior,  and  in  finally  converted 
Into  the  8iibwtanoe  cailed  Reaumur's  porcelain,  which  is  white,  Bli^htiy 
irunM|iarent,  mostly  of  fibrotw  fnteture,  specificatly  heavier,  less  fiwible, 
ami  much  hunhir  thiin  the  f^lass  out  of  which  it  lias  iHjen  foiTned.  This 
chuiiK*'<  wfiifli  takcH  }ilace  without  loss  of  wt-ight,  may  be  attributed  to  a 
crvulalliiii'  arninp-nu'iit  nf  the  atuuis  bruuj^ht  about  by  keeping-  the  glass 
fur  •  long  time  in  a  Huft  state.     (  Vid.  Siliciuni.) 

HanaJt,  wlij<ih  iri  nn  aggregate  of  crystuiiiue  granulea,  is  converted  by 
ftiNlnn  iiilii  n  blink  glass  ;  and  this,  when  kept  fur  a  long  time  at  aredheat, 
iNH'itnit'N  titif«(  jnorc  tiiu'-gruitied  and  opfn|ue.  • 

A  mixture  of  clay.  Ume,  and  magnetic  iron  ore,  yielded,  when  intensely 
h(iAt«id,   a   black  slag ;  this,  after  it  had  solidified  and  nearly  cooled,  sud- 
-umu  red  hut,  luid  fell  to  pieces  in  the  state  of  a  fine  grey  powder. 
(  ) 

tiutfor  which  lias  lM'«'n  tru-lted,  as  in  barley-sugar  and  bonlxuis,  is  in 
ATttfVOUS  emtdilinii,  fnit  iiftcr  sonu*  time  Ix-cumes  wliite  and  (»pui|ue.  If 
tiu'linii  mimir  iM  ulluwfti  to  ci»ot  In  iibout  38°  C.  or  lOO  Fall.,  and  then,  wliilo 
it  Is  yi'l  snil  mid  visi'iil.  rapidly  and  frequently  extended  and  doubled  u|\ 
till  at  IiihI  It  emiMiNiM  ut'  iitreads,  its  tiMuix<rature  riKcs  in  two  iniuiiles  from 
for'tn  1 7(1  Kiih.,  and  il  tlieiK'unsists  of  minute  crystalline  grains  of  a 
|N)Hrlv  ln»lie.     (Urahani,  KlfinrHtn  of  Cheim.itrif,  p^gc  4^.) 

Vi'sliviioi  and  (idrun'oiiM  ganuit  (grossularia)  have  the  same  c«>mpo- 
•Ithilt  I  fi»  )Aaiii|ili',  the  Vesuvian,  and  garnet  from  the  Wilnifltiss  have 
ilut  iiiin»'  ii'imiilu,  fK'tttKAI*<^*.»HSiO',  excepting  tliat,  in  both  miuerals, 
latf'i  of  (he  alniiilun  i»  i'«<i>Iiu'^h.I  by  iieroxido  of  iron  which  is  isomorphous 
with  It.  Vesuviaiti  whieh  orystallir^w  in  square  prisms,  has  a  six^cilic 
Mrttvlty  of  )I'1|    gal  net,    which  crystidlizes  in  rhombic  d^nlecahedrons,  a 

•IMMilltn  )'<■•■< > '- ■      'I'lieso  dimorphous  minerals  both  pass  by  fusion 

Irilii  till  they  lM»th,  when  subjected  to  tliis  treatment, 

-     '  '     -   •  ■■.  .. .  .K.IM,  exactly  the  same  product,  viz.  a  glass  of  the 

'   and  the  same  d<'gree  of  transparency  as  the  crystallised 

,  I. -I,  uittl  having  a  sp.  gr.  of  only  2-yo ;  so  that, in  passing 

I  In  the  ami irphous  state,  garnet  suffers  an  ex|iansion 

'  ■      iiviaii  of  alxiut  one-seventh.     The  glass  is  also 
lie  iMri«l,  which  is  not  the  case  witi>  either  of 
,  ,.t<iKnus.  (y '««/»/•  5Jn,  477  ;  21,  50  ;  22,  391) ;    Ileas 

(  .  iitrwpp  (/'".'/.'/.  tI.!,  34;$.)] 

1.  nf  jr2lM,  ttn«l  is  but  very  imjxjrfectlv  dccomjioscd 
1^  ...  .  wliii'h  takes  phice  witlmut  li^is  of  weight,  it  has  a 

f;  '  then  easily  dissi lived  by  acids;  this  greater  boIu- 

I  ii  u  heut  not  HuflicicDt  to  fuse  it^  but  oidy  to  bake  it 

'•UH  miiienla  not  Bolable  in  acids  booooao 

p  ,  ..,,  I  i-    •  iMii-  cause. 

ii      i  II    1  \'i'A,   on    the  contrary,  appear  to  be 

(  nbjected  to  a  heat  not  sunicient 

'•,  they  exhibit,  as  first  observ^Hl 

iiunencing    at    the    point  miwt 

>>  ''■''■'  '"^'-  >hu  entire  muss;  tboy  are  after- 
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wuds  found  to  possess  greater  specific  gravity,  greater  hardness,  and  less 
solubility.  The  incandescence  here  observed  is  similar  to  the  pheno- 
mena  observed  by  Qraham  and  Rcgnault  (pp.  104  and  106).  Most  of 
the  bodies  which  exhibit  this  phenomenon  are  originally  crystalline,  but 
when  heated  become  porous  and  amorphous,  in  consequence  of  losing 
water,  ammonia,  or  other  volatile  matters :  then,  when  no  further  loss 
of  weight  takes  place,  if  they  are  heated  to  a  temperature  a  Uttle  below 
redness,  they  exhibit  the  incandescence  just  spoken  .of.  To  this  class 
belong — ^the  hydrates  of  zirconia,  titanic  acid,  tantalic  acid,  molybdous 
oxide,  oxide  of  chromium,  peroxide  of  iron,  and  oxide  of  rhodium ;  also 
bydzated  basic  perarseniate  of  iron,  hydrated  antimonite  of  cobalt,  hydrated 
antimoniate  of  cobalt,  hydrated antimouiate of  copper, andeuxenite (which 
cbi^y  consists  of  hydrated  tantalate  of  yttria.)  If  these  compounds  are 
heated  merely  to  the  point  at  wluch  they  part  with  all  their  water,  they  are 
afterwards  nearly  as  soluble  as  in  their  hydrated  state ;  but  if  by  stronger 
heating  incandescence  has  been  produced,  they  are  afterwards  found  to  be 
much  less  soluble,  and  often  alter  in  colour.  Zirconia,  after  being  heated 
to  incandescence,  is  no  longer  soluble  in  any  acid  excepting  boiling  oil  of 
vitriol ;  oxide  of  chromium,  after  ignition,  is  of  a  paler  green  than  before, 
and  soluble  in  nothing  but  boiling  oil  of  vitriol ;  ignited  peroxide  of  iron  is 
as  hard  and  as  difiScultly  soluble  as  micaceous  iron  ore,  which  is  crystallised 
peroxide  of  iron.  The  above-mentioned  antimonites  and  antimoniates  are, 
in  their  original  state,  easily  decomposed  by  hydrochloric  acid,  but  after 
ignition  they  resist  its  action  almost  entirely,  and  are  also  of  a  much  paler 
colour  than  before.  Hydrated  phosphate  of  magnesia  and  ammonia,  after 
being  deprived  of  all  its  water  and  ammonia  by  gentle  heat,  exhibits  incan- 
descence when  more  strongly  heated.  The  same  appearance  is  presented 
by  the  carburet  of  iron  which  remains  in  the  distillatory  apparatus  after 
gently  heating  prussian  blue  or  protocyanide  of  iron. 

Gadolinite  (silicate  of  yttria)  whose  conchoidal  fracture  and  obsidian- 
like appearance  testify  sufficiently  to  its  amorphous  structiure,  (although 
some  persons  have  fancied  that  they  could  discover  a  crystalline  structure 
in  it,)  exhibits  vivid  incandescence  when  moderately  heated ;  it  sustains 
thereby  no  loss  of  weight,  but  is  afterwards  found  to  dissolve  but  very 
imperfectly  in  hydrochloric  acid,  even  after  several  days'  boiling,  althougti 
before  ignition  it  is  very  easily  soluble.  According  to  Kobcll  (J.  pr.  Chem. 
1,  91),  ito  specific  gravity  increases  by  this  change  only  from  4'25  to  4'31. 
Th.  Scherer  also  (Pogg.  61,  493)  observed  in  the  gadolinite  of  Ytterby  but 
a  very  trifling  increase  of  specific  gravity,  but  he  attributes  this  circum- 
stance to  the  partially  distingrated  and  impure  condition  of  the  mineral ;  for 
(a)  gadolinite  from  Hitteron,  (6)  orthite  from  Fille-Fjeld,  and  (c)  allanito 
irom  Jotim-Fjcld  (which  two  minerals  have  nearly  the  same  composition  as 
gadolinite)  showed  after  ignition  considerable  increase  of  density ;  the  sp.  gr. 
of  a  increased  from  4*35  to  4*63,  giving  a  condensation  of  1000  to  9395 ; 
that  of  b  from  3*65  to  3*94,  therefore  condensation  =  9264 ;  and  of  c  from 
8*54  to  3*76,  therefore  condensation  =  9417.  The  quantity  of  wator 
lost  by  a  was  0*18  per  cent. ;  that  lost  by  b  and  c  was  greater.  At  the 
same  time,  a  lost  by  ignition  its  black  colour  and  opacity,  becoming  bottle- 
green  and  translucent.  Scheerer  endeavours  to  explain  the  increase  of 
density  by  supposing  that  the  spherical  atoms  are  at  first  disposed  one 
upon  another  in  such  a  manner  that  each  sphenile  rests  upon  two  others 
below  it^  and  that  the  atoms  after  being  heated  are  so  displaced  that  each 
one  of  them  rests  upon  three  below  it;  this  would  give  a  condensation  of 
from  1000  to  9182. 


108 


AFnNITY. 


Perhaps  also  the  fact  of  gypsum  deliydrated  by  gentle  heat  becoming 
hard  whtni  mixed  witli  water,  and  the  non-prixlMction  of  tbis  cffwl  if  the 
gypsum  has  l)een  strongly  burnt,  may  be  explained  by  supposing  that  this 
Bubstanco,  when  deprived  of  its  water  by  a  mndt'rate  heat>  is  in  the  amor- 
pilous,  but  after  strong  ignition,  in  the  crystalliue  state. 

b.  Differences  m  the  properties  of  compounds,  probahlg  arising  from  the 
dtffWcnt  grouping  of  the  Sim[)le  AtotDS  which  make  up  a  compound 
atom. 

In  considering  tlie  different  properties  of  compound  bodies  resulting 
from  dimorphism  and  amnrphism,  the  structure  of  the  compound  atoms 
has  been  supposed  to  cxmtiriue  uualterc-d,  and  the  occurrence  of  this  or 
that  crystalline  form,  or  of  the  amorphous  state,  to  dejx'nd  solely  on  the 
maimer  in  which  these  compound  atoms  are  arranged  amongst  themselves. 
Iletico  it  follows  that  these  dlmorplious  and  amorphous  conditions  may 
occur  in  simple  bodies  also,  since  simple  atoms  as  well  as  c/»mpound  ones 
may  be  disjKiwed  amongst  themselves  in  various  ways, — moreover  that 
tlu-Kc  sovcral  conditions  (with  perhaps  some  exceptions  re<qniring  further 
investigation)  may  tw^  ileatroyed  by  fusion,  evaj-tonition,  or  solution  of  the 
Rcilid  Ixjdy  in  which  they  exist;  and  it  will  then  depend  ujxhi  circuin- 
Btajiccs  in  what  [articular  state  the  bmiy  will  n.'sume  its  solid  form. — 
But  it  is  otherwise  with  the  differences  now  to  Ik-  considered,  the  cause  of 
which  we  shall  assume  to  Ik'  that  tlu'  manner  or  numlK-r  in  which  simple 
Atoms  combine  to  fortn  a  i'.om|Mniiid  atom  may  differ  in  different  sub- 
stances. It  is  easy  to  see  that  the  various  conditions  hereby  prc»duced 
can  occur  only  in  compound  bmUes,  and  may  remain  unaltered  by  the 
passage  of  a  l)ody  from  the  solid  to  the  fluid  state  or  n'«  t'ersd ;  for  the 
compound  atoms  once  constnicted  in  this  or  that  particnlar  way  may, 
without  distiirbance  of  internal  Htniotiire,  form  fluid  compounds  with  heat 
or  with  ponderable  solvents.  With  this  difference  of  groupijig  of  simple 
atoms  in  the  formation  of  compound  atoms,  are  connected  many  strilcing 
differences,  ntit  f)nlv  in  the  physical  properties,  but  also  in  the  chemical 
relations  of  the  boilies  amcerued. 

a.  Inomeiifin. 

When  two  or  more  compounds  which  exhibit  different  physical  and 
chemical  relations,  are  bo  constituted  that  their  compound  atoms  must 
contain  the  same  elements  combined  accttrding  to  the  same  numl^ers  of 
aim]ile  atoms,  and  there  is  no  ground  for  sup}K>sing  that  their  proximate 
elements  are  of  different  natures,  these  com|Kitmds  are  said  to  im  isomeric 
(using  the  wonl  in  its  narrowest  sense).  It  is  supjKised  that  the  simple 
StoniH  which  form  a  comjmund  atom  are  put  tog^tlier  in  different  ways. 

Many  of  the  c<imp«>unds  fonnerly  classed  und<>r  this  head  are  now 
regarded  as  |x*lvmeric;  it  is  only  with  regard  to  phosphoric  acid,  tellu- 
roua  add  and  te)luric  acid,  pcrv)xide  of  tin,  and  tartaric  acid,  that  isomeric 
conditions  are  at  present  rwognized  ;  and  even  these  bodies  may  with 
more  or  less  i»mbability  Ix'  regarded  as  jwlymeric. 

Phonphonc  acid,  Pu*,  exhibits  the  throe  isomeric  states  of  ordi- 
nary, pyn»-  and  meta-phosphoric  acid.  Among  the  many  diversities 
exhibited  by  these  three  acids,  the  m()st  nmiarkubh;  is  that  they  satu- 
rate differrnt  «piantitieK  of  a  8alifirtl>Ie  base.  I'O*,  in  the  state  of  ordi- 
nary' phoNplioric  acid,  satunites  3  atoms  of  a  baHt-;  iti  the  state  of  pyrophos- 
Dlioric;  acid,  it  natumtcH  2  atoms;  and  in  the  state  of  metaphfwphoric  acid, 
1  atom.    If  1  atom  of  I'O*,  in  whichever  of  the  three  stutes  it  may 
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happen  to  be,  is  ignited  with  three  atoms  of  any  base,  soda  for  instance, 
tn  ordinaiv  phos^ate  is  produced ;  but  when  P  0*  is  ignited  with  2  atoms 
of  soda,  tne  result  is  a  pyrophosphate,  and  with  1  atom,  a  mctaphos- 
phate.  By  long  digestion  or  boiling  with  a  large  quantity  of  water, 
which  itseu  acta  as  a  base,  the  pyrophosphates  and  metaphosphatcs  are 
converted  into  ordinary  phosphates.  The  particular  quantity  of  base  with 
which  PO*  is  in  contact,  seems  then,  at  certain  high  temperatures,  to  affect 
the  manner  in  which  1  atom  of  phosphorus  arranges  itself  with  respect 
to  5  atoms  of  oxygen,  so  that  the  compound  is  capable  of  saturating 
sometimes  8  atoms  of  a  base,  sometimes  2,  and  sometimes  only  one.  If 
we  would  explain  these  remarkable  relations  of  phosphoric  acid,  first  dis- 
covered by  Graham,  on  the  hypothesis  of  Polymerism,  we  might  consider 
OEdioary  phosphoric  acid  as  PCH*,  pyrophosphoric  acid  as  P*0*",  and  meta- 
^oephonc  acid  as  P*0** ;  then  PO*  would  saturate  three,  PK)"  four,  and 
P^O"  three  atoms  of  a  base.    {Vid.  Phosphorus,) 

In  the  case  of  tellurous  acid,  TcC,  a  more  soluble  modification  A 
and  a  less  solnble  modification  B  arc  to  be  distuiguishcd :  the  latter  is 
fffodoced  by  the  action  of  nitric  acid  upon  A,  and  is  agai;i  converted  into 
A  by  fusion  with  caustic  potash.  Telluric  acid  Te  0*,  exhibits  two  modi- 
fications perfectly  similar  to  the  above ;  the  more  soluble  of  the  two  is 
converted  into  the  less  soluble,  when  two  or  more  atoms  of  it  are  fused 
with  one  atom  of  potash ;  this  is  analogous  to  the  transformations  of 
phoBf^oiic  acid  above  noticed.  If  these  compounds  arc  regarded  as 
polymeric,  they  must  be  supposed  to  exist  as  TeO",  Te*0*,  TeO*  and 
Te»0».    (Fia.  Tellurium.) 

Antimonious  and  autimonic  acid  may  possibly  pass  from  one  such 
modification  to  the  other  when  their  salts  are  ignited. 

Peroxide  of  tin,  when  precipitated  by  caustic  alkalis  from  a  solution 
of  the  bichloride,  is  much  more  easily  soluble  in  acids  than  the  anomalous 
variety  of  it  produced  by  the  action  of  nitric  acid  upon  metallic  tin ;  the 
latter  when  dissolved  exhibits  also  very  different  relations.  Possibly  the 
solnble  oxide  may  be  SnO*  and  the  anomalous  variety  SnH)*. 

Among  organic  compounds  the  following  may  be  regarded  as  isome- 
ric: Tartaric  and  raccraic  acid  (C*H*0*);  mucic  and  paramucic  acid 
(CHK)') ; — maleic  and  paramaleic  acid  (OHO'). 

/3.  Polymerisin, 

Two  or  more  compounds  possessing  different  physical  and  chemical 
properties,  and  composed  of  the  same  elements  in  the  same  proportions, 
are  said  to  be  polymeric,  when  their  differences  may  be  explained  by 
supposing  that  their  compound  atoms  contain  different  numbers  of  simple 
atoms,  varying  however  in  such  a  manner  that  the  numerical  ratio  of  the 
several  kinds  of  simple  atoms  remains  unaltered.  If,  for  example,  one  of 
a  group  of  polymeric  compounds  contains  1  atom  of  a  substance  A  and 
3  atoms  of  a  substance  B,  then  the  second  may  contain  2  atoms  of  A  and 
6  atoms  of  B,  the  third  3  atoms  of  A  and  9  atoms  of  B,  and  so  on.  In 
such  cases,  the  weight  of  the  compound  ^atom  varies,  but  the  proportions 
between  its  elements  remains  the  same. 

Besides  the  instances  mentioned  imdcr  Isomerism,  which  ought  all 
perhape  to  be  included  tmder  this  head,  the  following  among  organic  com- 
binations must  be  particularlv  noticed. 

Polymeric  compomids  all  containing  1  part  of  hydrogen  united  with 
6  parts  of  carbon,  and  therefore  containing  C  H  :  Olefiant  gas,  the  more 
volatile  oil  of  oil-gas,  rock-oil,  eupione,  oil  distilled  from  bees'- wax,  caout- 
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clioucine,  beveene,  oil  of  wine,  Btraropt^rxc  of  oil  of  roeefl,  paraffin,  cetini 
kc.     (Hcfiaiit  fjas  in  probably  C*H*,  cetin  C"II". 

Bunzin,  uil-ga8  camphor,  and  schcoifritc  arc  0*11. 

Tlie  oils  of  turpentine,  juniper,  wipaiba,  lemons,  and  black  pepper  are 
C»II*. 

Naplitlialin  and  paraiiaplithaliii  arc  C'll*. 

Idrialin  and  Vogel'B  aiubcT  canijjbnr  are  ClI. 

Mi'thylic  PtliiT  ia  C*ll»0;  alcohol  C'll'O*. 

Cyanogen  in  C'N  ;  panKyanopt-n  probably  C*N*. 

Cyanic  acid  is  C*NO ;  fuliuinic  acid  probably  C*N'.0* ;  cyaniu-ic  acid 

Volatile  chloride  of  cyanogen  is  C*NU1;  the  fixed  chloride  probably 
C*N»C1». 

7.  Metamerisrn. 

This  tomi  is  ap]>li(.M3  liy  Bc^rzeliiw  tn  the  case  in  %vliieh  the  compmnd 
atoniH  of  two  clietnical  otnnjMiiinds  containing  the  same  elenieutarj'  atoms^ 
and  for  the  most  part  in  the  same  pr« •purl  ions,  are  nevertheless  made  up 
of  different  proximate  elements.  AcciUihiig  to  this  definition,  metameric 
bodies  must  always  belong  to  the  lugher  orders  of  eiiriij.KminlH.  In  some 
cases,  one  only  m  the  lH»dies  concenit-d  is  a  c<^imjcimid  ol'  a  lug'hor  order. 

It  is  only  among  organic  tMidies  that  metameric  comijounds  occur.  Tho 
following  are  the  most  imjxirtHiit : — 

c   j[  0        •  c  n  0 

Acetic  acid 4     3     3         Formic  acid     2     1     3 

Water    0     1     1         Mclliyli(.;  ether    2     8     1 


Glacial  acetic  acid 


4    4     4 


Formic  acid   2     1     3 

Ether 1    5     I 


Formiate  of  methylic  ether  4    4    4 

Acetic  acid 4     8     3 

Mtthylic  ether   2     3     1 


Formic  ether 6     G     4        Acetate  of  methyl (5     C     4 

Formic  ether  and  acetate  of  methyl  liavc  the  sjirne  fii)ecific  gravity 
when  in  the  form  of  vapour,  and  nearly  the  sanie  K|iecitic  gravity  and 
iHrthng  \mui  when  in  the  hquid  state  ;  but  in  other  resfiects  they  are 
totally  different ;  the  fonner.  when  treated  with  caustic  ftotash,  is  re8<ilved 
into  formiate  of  ]>ot-ash  and  alcohol,  the  latter  into  acetate  of  potash  and 
W(K»d-8pirit. 

Tin-  diffen-noes  between  the  several  compounds  produced  by  tho  action 
of  8ul()huric  acid  upon  alcohol,  viz.,  sulphovinic  acid,  ethiouic  acid,  isethioaic 
acid,  &c.,  are  probably  dependent  on  metameric  conditions. 

[For  eomc  examples  adduced  by  Laurent,  ml.  Ann.  ChiuL  Phga,^  C8» 
175/J 

AhU'hyde  is  C*  II*  0',  and  its  vapour  weighs  rr).<lI7;    acetic  otltorf 


which  is  composed  of  acetic  Jicid  (C*  IP  0*)  and  ether  (C*  II*  0)  is  C«  ll«0*  j 

and  tin 
great  a»  thosi>  of  aldirhyde. 


and  botli  its  atomic  w<'ight  and  the  e{>ctc.  gmv.  of  its  va{^iour  are  Iwiuc  aa 


When  cyanic  acid  is  mixed  in  the  cold  with  aqueous  solutioD  of  am- 
monia, cynnate  of  ainnjonio  is  pn^ducod,  as  pnjved  by  the  fa<'t  that  the 
liiiuid  yieldn  cj-atiir  a«-id  whrn  trr«te<l  with  sulphuric  acid,  and  ammonia 
vrlien  treated  with  [Mitush.  But  wanning,  <ir  even  spontaneous  eva|)ora> 
tion,  is  nufficient  io  oinvert  the  wdt  into  tjrea,  which  dws  not  exhibit 
tbOM  reaction*  with  sulplnuic  acid  and  potualu    Urea  is  C*N*IlHi*i  ^ 
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miDe  atoms  would  give  1  atom  of  cyanftte  of  ammonia  and  1  atom  of 
|1Pat«r,  viz.,  NH',  C*NO,  TIO.  Cyaniito  of  ammonia  is,  therefore,  converted 
mto  urea,  merely  by  a  change  in  the  arraiii^i'ment  of  its  atomtj, 

riT.  Decomposition  of  Chemical  Compounds. 

Every  chemical  comjiound  may,  as  far  as  wc  kuow,  be  resolved  into 
!t8  elements.     NcvertheloHB  it  is  jKissihlc  that  raanj'  sulmtauces  hitherto 
|"imdec<ia]ix>8ed  may  Ik:*  cnjnixtunds  of  8i)  iiitiiiiato  a  nature  that  they  have 
listed  all  attempts  wliich   has  as  yet  been  mad<;  tn  decnniiMise   them. 
he  resolution  ni  a  chemical  cnmpoxmd  into  its  elements  is  called  Drcom- 
'ion ;  the  compound  is  Sitid  tn  be  deaimposed ;  it  is  resolved  into  hete- 
^gipneous    subfitauces,    which    mig'ht    bo    called    DecfmiposUkm-mib.^Utnces 
F(Zer8Ctxung8-8toffp.)     These  are  either  Educts  or  Pnducts  of  dt'ctiinposi- 
Ition.     They  are  called  echjcta,  when  they  exist  in  the  comix>utid  Inifiiro 
'decomposition,   and  foriu  part   of  it;  pniducts,  when  they  are  j^encrated 
luring  decomixisition.     Carbnnic  acid  which  is  diseng'aj^ed  by  the  action 
Ijydriiebloric  acid' upon  carbonate  of  hnie,  is  an  educt ;  but  the  same 
I,  when  evolved  by  hcatin*:;  charcf>al  witli  red  oxide  of  mercury,  is  a 
rproduct.     Products  arc  always  coni[K)urid  bodies  ;    educts  may  be  either 
[simple  or  corap^und, — the  latter,  when  the  decomjMtsing  body  {e.g.,  car- 
jlxmate  of  lime)  contiiiiiH  proximate  as  well  as  ultimate  elements.     Accord- 
ing to  the  mode  of    decomposition,  sometimes   oidy  educts  are  obtained 
(water  decomposed  by    the    electric    current),  sometimes    only    products 
twatcr  decomi>ofied  by   phosphide  of  calcium),  sometimes  both  together 
iwater  decomposed  by  ixitassium). 

1.  Conditions  of  Chemical  Decomposition. 

In  order  that  a  comjM>nrid  may  be  decnmixieed,  the  forces  which  bind 
its  elements  together  mii*t  I>e  overef»me  by  stronger  forces.  The  gn-ater 
iiuml>er  of  decompositions  are  brouglit  about  by  the  action  of  stronger 
affinities;  other  natural  forces  may,  however,  concur  hi  |>roducing  the  effect. 

A.  No  clicniical  oombinution  of  ponderable  bodies  can  hn  overcome 
hy  presmrr;  l>ut  comjK.imds  of  p<^indi -rabies  with  hni^Minderablcs,  as  heat, 
may  be  decorajMtsed  by  that  kind  of  force.  ^Vater  may  be  pressed  out  of 
a  sponge,  a  proof  that  [tressure  c^n  overcome  combination  produced  by 
a«Uiesion  :  but  the  strongest  pressure  fails  tft  separate  water  from  gypsum 
and  other  salts  containing  water  of  crystallisation,  (provided  the  teinp»cra- 
turo  dfX's  not  rise  to  the  meiling  point  of  tlu;  salt.  It  ha.s,  indeed,  been 
aflirmed  that  lead-amalgam,  and  some  other  amalgams,  give  nit  a  pirtion 
of  their  combined  mercury  when  subject  to  pressure ;  but  the  mercury 
thus  pressed  out  is  only  that  which  is  in  excess,  and  remains  ui  the  liquid 
state,  adhering  to  the  particles  of  the  sohd  comfwiimd.  On  the  other 
hand,  vap<iiir  of  water  is  resolved  by  [►ressure  into  liquid  water  and  heat ; 
perhaps  also  the  development  of  heat,  light,  and  electricity  by  pR'Ssing 
and  rubbing  various  substances,  is  ati  effect  of  a  similar  nature. 

B.  (Travi(<t(ion.  —  When  a  light  and  hea^y  substance  are  contained 
in  a  fluid  conifjonnd,  it  might  be  Hupposed  that,  after  long  standing  the, 
former  wftuld  settle  at  the  top  and  the  latter  towards  the  Ixjttotn,  so  that 
even  if  complete  separation  did  not  take  place,  tlie  npfxir  part  of  the  fluid 
would  be  richer  in  the  lighter  material,  and  the  lower  in  the  heavier:  no 
Buch  effect  however  is  actually  observed. 

It  is  said  that,  in  the  vessels  used  to  hold  the  concentrated  hquid  of 
the  BcJt-works,  the  upper  portions  are  found  to  be  less  rich  in  aalt  than 
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the  lower.  Since,  however,  these  voasels  are  not  always  filled  with  otio 
and  tlie  aanic  liquid,  but  are  charged  fn>ni  time  ti)  tiitic  with  solutions  of 
various  degrees  of  strciig'th,  the  h'«s  concentrated  purtious  disjinst!  them- 
selvcB  above  the  more  conceutrated,  aud  the  Iit[utir  be'uig  left  at  rest,  uui- 
fonn  mixture  does  not  take  place  for  a  loiij^  time.  Similarly,  brandy 
kept  in  casks  is  said  to  contain  a  greater  pri>|)ortioii  of  spirit  in  the  upjx^r, 
und  of  water  in  the  lower  part.  Here,  aguhi,  the  question  may  Ik;  raised 
whether  the  cask  has  not  Ikjod  tilled  with  siiecfssive  portions  of  brandy  of 
different  strengths,  which  have  disjKmed  thetuselves  in  layers  one  above 
the  other.  Leblanc  (./.  PA//s.,  33,  37ti)  bmnd  that  if,  ui  a  saturated  solu- 
tion of  any  salt  crystals  of  the  suniu  salt  are  phiced.  some  in  tlie  upijer 
part  of  the  liquid  and  others  at  the  bottom,  the  former  graihially  dissolve 
while  the  latter  increase  in  the  same  ratio,  and  ultimately  tiie  crystals 
at  the  bottom  of  tin'  liquid  decrease  at  their  npixr  and  increase  at  their 
lower  fiart.  This  effect  is  attributed  by  Bertijollet  (SUit.  C'fiim.  i,  49,) 
to  a  sinking  nf  tht;  particles  of  the  salt  by  their  own  weight ;  it  may, 
however,  without  difficulty,  be  explained  by  obser\-iiig  that  the  upjKjr 
strata  of  jiir  siirrounding  the  vessel  are  warmer  than  the  lower,  and  i>tn- 
soquently,  that  the  vipix-r  portions  of  the  liquid  become  warmer  than  the 
lower,  and  dissolve  the  salt  immersed  in  them:  hence  these  fHirtions  of 
the  Uijuid  K'comc  heavier,  and  sink  to  the  lif^ttoni,  where  they  becorao 
cooler,  and  dc|)<isit  j»urt  of  th«!ir  salt  in  crystals.  Laslly,  it  is  very  difG- 
cult  to  obtain  Jlint-glass  of  pterfectly  unifomi  constitution  ;  the  lower  jtart 
in  generally  much  richer  than  the  ujtper  in  oxide  of  lead.  Hut  this,  again, 
dwH  not  jiriive  the  sinking  of  the  heavier  material  out  of  a  iierfectly 
homogeneous  mixture.  For  when  a  mixture  of  oxide  of  lead,  alxali,  and 
silica  is  heated,  the  oxide  of  lead  melts  first,  and  sinks  before  it  has  entered 
into  unifonu  C4)mbination  with  the  other  ingredients.  These  latt<?r  sub- 
Bequenlly  melt  :  but  suicc  liquids  f\{  different  H[»ecific  gravities  mix  but 
slowly  when  at  rest,  and  in  this  e;isi>,  moreover,  the  great  visc<^sity  of  the 
mult«.*d  mass  presents  a  further  obstacle  to  the  mixture,  uniformity  can 
only  be  iimduced  by  repeated  and  careful  stirring.  But  when  this  end 
has  once  been  attained,  it  is  probable  that  the  glass  will  continue  uniform, 
•ven  when  kept  for  a  long  time  in  a  state  of  fusion.  That  such  is  the 
oaao  appears  from  Faraday's  directions  for  the  preparation  of  flint-glass; 
as  also  fn»m  the  statement  of  Frauenhofcr,  that  he  obtained  a  mass  of 
fltni-giass  weighing  4(K)  lbs.,  of  perfectly  uniform  constitution  throughout. 
Notr,  when  we  consider  the  long  time  which  such  a  mass  would  occupy 
in  uHjling,  such  a  result  could  8earc«>ly  be  credited  if  it  were  admittird 
that  oxide  of  lead  could  sink  to  the  bottom  of  a  maas  once  obtained  in 
a  states  of  unifonnity. 

C.  Cohenion  ap|M.'ars  to  exert  a  much  more  decided  influence  on  the 
decom]¥irtition  of  chemical  compounds,  at  least  of  the  less  intimate  kind. 

The  hitherto  rec»'ivc*l  theory  on  this  matter  is  as  follows.  When  a 
■olid  iKxly  dissolves  in  a  liipiid,  the  cohesion  of  the  solid  acts  in  opposi- 
tion l<i  the  diKK<ilving  |K)wer  of  the  fluid ;  the  two  forces  tend  to  equilibrato 
each  other;  and  in  proi>ortion  as  the  fluid  takes  up  more  and  more  of  tho 
8oli<l,  its  tendency  to  dissolve  a  further  quantity — or,  in  other  words,  ita 
afiuity  for  the  solid — diminishes  and  ultimat<'ly  lMxv>mes  no  greater  than 
the  cohesion  of  the  MtUd  or  thtr  t<'ndency  of  its  (Ntrticles  to  n-main  nnit^od 
amon^t  themwlves, — and  then  the  process  of  solution  Bto|i8.  But  the 
cohesion  of  a  sohd  IxKly  is  gen<'rally  oiminished  by  olevatioti  of  lem|M*ra- 
tore:  c5t>nsei}uenlly,  when  the  fluid  is  heated  up  to  a  et»rtain  point,  a  fur- 
ther aolutiou  usually  takes  |>laoe>  till  by  this  new  addition  of  the  solid 
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bofy'tjhe  affinity  of  the  Said  for  it  is  so  far  diminished  that  equilibrium 
between  that  force  and  the  cohesion  of  the  solid  is  again  estabhshcd.  If 
now  a  Bolntion  thus  saturated  wliile  warm  be  cooled  down  to  its  former 
temperature,  the  solid  body  regains  its  original  cohesive  power,  and  a 
portion  of  it  separates  from  the  fluid  in  order  to  unite  in  larger  and 
Qsoally  crystaUine  masses,  the  quantity  remaining  in  solution  being  only 
jost  BO  much  as  the  fluid  would  directly  have  taken  up  at  this  lower  tem- 
perature. This  separation  is  called  Spontaneous  or  FaLie  Precipitation^ 
^rae^pitatio  ipontcmea,  in  so  far  as  it  takes  place  without  the  addition  of 
a  foreign  body  to  the  solution.    . 

This  precipitation  bv  cooling  is  exhibited  by  the  solutions  of  most 
■alts  in  water  and  alcohol,  of  many  kinds  of  camphor  and  fat  in  alcohol 
and  ether,  &c.  Aqueous  solutions  containing  excess  of  water,  often  when 
cooled  below  0**  C,  deposit  a  portion  of  the  water  in  the  form  of  ice,  the 
remaining  liquid  being  a  concentrated  solution  of  the  salt ;  for  at  low 
temperatures  the  cohesion  of  ice  may  overcome  its  affinity  for  the  salt. 
Whereas  therefore  a  saturated  solution  when  cooled  deposits  salt,  so  on 
the  other  hand  a  dilute  solution,  when  its  temperature  is  sufficiently 
rednoed,  yields  ice.  Lastly,  a  saturated  solution  of  common  salt  solidifies 
at  —  20°  C.  to  a  mixture  of  ice  and  common  salt  containing  water  of  crys- 
tallization. Glacial  acetic  acid  solidificfl  at  +  15°  C.  (59  Fah.);  a  mix- 
ture of  this  substance  with  ^  water  deposits  glacial  acetic  acid  at  a  lower 
temperature,  the  remaiumg  liquid  being  a  compound  of  glacial  acetic  acid 
witn  water  ;  when  the  quantity  of  water.is  somewhat  greater,  nothing 
solidifies ;  when  it  is  still  greater,  part  of  it  freezes,  leaving  a  more  con- 
centrated acid  behind.  When  the  mixture  of  glacial  acetic  acid  with  -^ 
water,  instead  of  being  cooled,  is  subjected  at  15  C.  to  a  pressure  of  11 00 
atmospheres,  "I  of  it  crystallizes  in  a  few  minutes  in  the  form  of  glacial 
acetic  acid.  (Perkins,  Schw.  39,  161.)  It  appears  from  this  that  increased 
pressure  has  the  same  effect  as  cold  in  increasing  cohesion. 

The  following  are  exceptions  to  the  law  just  considered.  Some  solid 
bodies,  as  lime  and  citrate  of  lime,  are  more  soluble  in  cold  water  than  in 
hot ;  so  that  a  solution  of  either  of  them  saturated  in  the  cold  becomes 
turbid  whop  warmed,  and  clear  again  on  cooling.  If  to  a  solution  of 
chloride  of  calcium  or  nitrate  of  lime  in  absolute  alcohol,  there  be  added 
as  much  ether  as  will  throw  down  only  a  portion  of  either  of  these  salts, 
the  mixture  of  alcoliol  and  ether  will  become  tiu*bid,  even  to  opacity — 
from  precipitation  of  the  lime-salt  still  remaining  in  solution — every  time 
the  liquid  is  warmed,  if  only  by  the  hand,  but  will  regain  its  transparency 
on  cooling.  (Diibcreiner,  Ann.  Pharm.  14,  249.)  A  solution  of  caustic 
potash  in  water  dissolves  in  the  cold  a  large  quantity  of  tartrate  of  lime  ; 
the  clear  solution  coagulates  to  a  pasty  mass  when  heated,  but  becomes 
clear  and  fluid  again  on  cooling.  (Lassonne,  Osann.) — The  solubility  of 
Glauber's  salt  in  water  increases  rapidly  with  rise  of  temperature  up  to 
83°  (92°  Fah.),  but  diminishes  when  the  temperature  is  raised  above 
this  point ;  water  saturated  with  Glauber's  salt  at  33%  yields  hydrated 
crystals  when  cooled,  and  anhydrous  crystals  when  further  heated. 

Similar  anomahes  occur  in  solutions  of  liquids  in  other  liquids. 
Conine,  agitated  with  water  at  ordinary  temperatures,  takes  up  a  small 
portion  of  it :  the  clear  liquid  becomes  turbid,  from  separation  of  water, 
every  time  it  is  warmed  even  by  the  hand,  and  clear  again  on  cooling. 
(Geiger-)— Animine  dissolves  in  20  parts  of  water :  the  solution  becomes 
turbid  when  heated,  from  separation  of  animine,  which  is  redissolved  on 
cooling.  (UnverdoKben.) — ^When  a  solution  of  chloride  of  calcium  in  a 
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mixture  of  water  and  acetone  is  heated,  the  acetone  separates  formiiig  a 
lilm  «ni  the  surface. — (Liebifr  atnl  Pt'lunzc,  Ann,  P/torni,  ][\,  2H7.) 

The  following  obRcrvatioiiB  of  Gay-Liifisnc  (yl;i/i.  C/iim.  Pfu/s.  70,  407, 
altHt,  J.  J'r.  C'fietn.  18,  ll>3)  reuder  it  doubtful  wlictluT  c-uhesiou  ptuya  bo 
un|Mirtatit  a  part  in  ejiontanerms  prccipitatiorm  uk  lias  Ix'cn  bittierto  enp- 

SW(.'d,  and  raise  a  siiBpicion  that  this  kind  of  precipitation  is  affected  by 
ffcri'Dce  of  temiK'rature  in  a  manner  whidi  li;u<i  not  ytit  l)ecn  explained. 
Cetin,  pui-nflin,  and  stearic  acid  nult  below  tUv  Ixtiling-  j«>int  of  alcohol, 
80  tliat  the  quantitii'S  of  them  dissnlvcd  in  tliiit  liqnid  ul  teujp«:rature8  at 
whieh  they  aie  solid,  can  be  coni[iari'd  with  the  cptiuitities  disKolved  at 
tenipi'ratureH  at  which  they  are  liquid.  From  what  prectjdea  we  Hhould 
exj)ect  that  these  iMiiUes  would  be  much  more  8t:»luble  in  the  melted  state 
than  Ik-Iow  their  niellin{r  ptnnts,  because  the  cohi'Kion  of  a  solid  body  is 
much  jy^"'^'*'*^'''  than  that  of  a  liquiih  But,  according  to  (Jny-Lnssac,  the 
Bulubility  of  thcw!  substances  iucrea«eK  regTilarly  as  their  tem|Xjratxire 
riHLii,  without  any  sudden  augmentation  at  the  melting  point.  Gay- 
LuKsac  therefore  ouisiders  that  their  solubility  is  unaffected  by  cohesion, 
an<l  determined  solely  by  temf«rature.  Bodies  exhibit  the  sanie  relations 
in  di88<ilviijg  as  in  eva|X)rating ;  vapour  of  water  at  0"  has  tlie  same  ten- 
sion, whether  it  be  raised  from  water  or  from  ice. 

I).  Some  exijcrinients  seem  to  show  that  the  feebler  chemical  combina« 
tions  may  likewise  be  overcome  by  Adhemm. 

When  vinegar  is  filtered  through  pnre  quartz-sand,  the  firet  portion 
of  liquid  that  nnis  through  is  sobU'd  of  almost  all  its  acid,  and  the  vinegar 
drM>8  not  puss  ihnmgh  unchangi'd  till  tlie  sand  has  become  well  charged 
with  acid.  Totato-brandy  diluted  with  water  and  filtered  through 
quartz-sand,  yields  at  first  jiure  water,  then  a  mixture  of  water  and 
alcohol  deprived  of  its  fusel-oil,  and  lastly  the  original  mixture  unaltered. 
Wood-shavings  also  at  first  deprive  viiicgiir  of  nearly  all  its  acid;  char- 
w^al  acts  still  more  |M)WfrfuIly.  (Wagenniann,  P»f/ff.  24,  600.)  The  last 
two  sulwtances  may  jierhapK  act  by  affinity. — triimmering's  experiment 
(vvl.  Alcohol),  in  which  a  mixture  of  water  and  alcohol  enclosed  in  a 
bluiUIer  yielded  on  evajKnation  scarcely  anytliing  but  water,  may  like- 
wise bo  referred  to  the  same  cla.ss  of  phenomena,  provided  we  suppose 
that  the  water  is  taken  up  by  the  blwlder,  not  in  consequence  of  ainnity 
but  of  adhesion,  and  thus  transferred  to  the  outer  surface,  where  it  evap«i- 
ratcH  into  the  air. 

K.  A  mitde  of  dooomposition  not  yet  completely  understood  is  that 
called  Arluin  b;i  Cnrttart  (a«'tion  de  presence),  or  Catnlfftk  actioH.  These 
tenns  are  aiipliiHl  by  Berzelius  and  Mitscherlich  to  the  case  in  which  a 
Holiil  or  liquid  btidy.  when  brought  into  contact  with  a  compound,  excites 
u  dtvomfKJsition  of  that  compiund  (Catalysis) — without  itself  undergoing 
any  alteration,  rnechanicjil  or  chemical,^ — i-vr  at  all  events,  if  a  chemical 
alteration  d(H'S  take  place,  —  without  entering  into  et^)ud>inatioit  with 
cither  of  the  elements  of  the  com{K)und.  The  Contact-substance  or  CuUi^ 
hftic  InHltf  awak4>ns  by  its  mere  presence,  not  by  its  aflinity,  the  8lund>er- 
ing  afllnities  of  tiu'  eli-nienl**,  and  causch  them  to  assume  u  new  amuige- 
ment  involving  more  ronq»lete  4>hH-tr<i-ehemical  neutrali/Ation.  B«*rzelius 
reganls  catalytic  force  as  a  |»eculiar  manifestation  of  electro-chemical 
action. 

The  following  instance.'*  may  be  referrecl  to  this  mode  of  action.  In 
jieroxide  itf  hydrogen,  110',  the  tu-ftond  atom  of  oxyeit  is  retained  by  % 
very  feeble  afhnity  oidy,  and  escaiies  with  slow  effervescence  even  at 
ordinary  temiwruturee.    Many  metals  and  metallic  oxideis  when  brougtit 
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in  the  Btate  of  powder  in  contact  with  this  liquid,  produce  a  violent  dis- 
ip^gement  of  oxygen  gas,  wiJhont   themselves  taking  up  oxygen  or  Ruf- 
Fcring  any  other  alteration,  excepting  tliiit  some  oxides,  as  tluit  of  silver, 
irt  with  their  own  oxygen  at  the  same  time.     Tliin,   acenrditig  to  Ber- 
lins, is  a  case  of  cjitalytic  action.     The  following  exfjhination  hy  Liebig 
more  probable  (Ann.  Phnrm.)  2,  22).     I'lilvt-rulent  and  angular  IkuUpb 
slorate  the  disengagement  of  a  gaa  absorbed  I )y  a  li(ini<l  (nV/.  Heat); 
?y  likewise  exert  this  action  ou  fwroxide  of  hydrogen  ;  tliis  rapid  eHcaixj 
gas  produces   a  rise  of   temjMjratnre,   and  thie  again  accelenitcB  the 
lisengagcment  of  gas, — and  tluiH  these  actions  continue  to  angrnerit  each 
ther  in  intensity  till  the  cfEervescence  amounts  to  a  slight  explosion. — 
~ie  following  decoinix)sition8  are  also  regarded  as  catalytic.     The  raytid 
composition  of  the  anueous  solution  of  nitrosulphatc  of  ammonia  into 
litn)U8  oxide  gas  and  sulphate  of  anmionia  (which  also  takes- place  Bbjwly 
by  itself)  by  the  action  of  spingy  platinum,  oxide  of  silver,  &c. ; — the 

r ration  of  pereulphuret  of  hydrogeii,  S*ir,  into  8ulpluiretted  hydrogen, 
which  C8ca|x;e  as  gas,  and  sulphur  which  remiuiis  l»ehind,  by  contnct 
rith  alkalis,  chloridft  of  calcitim,  &f. ; — the  resolution  of  alcohol  into 
ther  and  water  by  the  actifin  of  sulphuric  acid; — that  of  sugar  dissolved 
water  int^T  carbonic  acid  and  alcohol  by  ferments ; — the  conversion  of 
Jcohol  into  acetic  acid  by  fcnnents  ; — the  conversion  fif  starch  into  sugar 
>y  dilute  suljihiiric  acid  or  l>y  diastase ; — the  conversion  of  urea  dissolved 
water  into  carbnnatc  of  ammonia  by  the  action  of  animal  mucus  ^—{Sm 
hc-ft  siib«ianccs.) — But  the  mode  of  action  in  these  transformations  somc- 
imes  admits  of  otiier  explanations;  and  when  this  is  not  the  case,  our 
inception  of  it  is  by  no  means  sufficiently  clear  to  justify  the  |>ositive 
i[)tion  of  this  so-called  contact-action  or  catalytic  force,  which,  after 
1,  merely  states  the  fact  without  explaining  it. 

F.  Just  as  a  body  in  the  act  of  c<'inbination  may  induce  another  to 
iter  into  corahinatiiin  at  the  same  time  (page  38),  so  likewise  a  con- 
lund  in  the  act  of  decomposition  may  imj)art  this  decorajKising  activity 

another.     How  and  wherefore?  we  are  unable  to  exphiin. 
When  ix'roxide  of  hj-drogen  by  contact  with  oxide  of  silver  gives  up 

ts  8econ<l  atom  of  oxygen,  it;  likewise  induces  the  oxide  of  silver  to  j  art 
ith  its  oxygen.  Virtou.s  fcnnentatinn  niay  be  explained  cnuHistently  \vith 
lis  view  by  supfiosing  tirat  the  decomposing  ferment  brings  the  sugar  into  a 

Itate  of  decomjKjsitioir,  and  the  sugar  is  tlien  resolved  into  carbonic  acid  and 

Ucohol.  A  similar  explanati<ui  may  be  apptieil  to  the  decomfHisition  of  urea 
ito  carbtnic  acid  and  anuuonia  by  aniinid  nmcus,  of  asparagiii  into  as- 
irtate  of  ammonia  by  ycaKt,  and  of  amygdahn  into  liydr(X:yatuc  acid  aud 

jther  products  of  decf imposition  by  the  ru-tion  of  yeast  and  sugar  (Liebig). 

G.  The  vital  farce  of  plants  aud  animals  likewise  e^terts  a  decomposijig 
actinn  on  chemical  com[>ounds. 

The  most  remarkable  instance  of  this  is  the  decomposition,  under  the 
influence  of  light,  of  the  carbonic  acid  in  the  green  parts  oi*  ^jlants  into  oxy- 
gen and  carbon,  the  latter  of  which  elements  conibinc»  with  the  hydrogen 
and  oxygen  of  the  vegetabtc  Juice  producing  iiumerous  organic  compounds. 
II.  But  the  moat  niinicrous  and  imjiortarit  decompositions  of  cheniital 
impiunds  are  those  wliicli  are  brotight  about  by  the  action  of  other 
odk'H,  will >He  fTH/jfrjor  o^Ht'r'/ produces  new  comjiounds  at  the  same  time 
lat  it  dcHtfoys  the  old  ones.  For  the  jtroduction  (»f  these  decomjtoBitiims 
ic  same  conditions  are  rt'ipiired  as  for  the  fitrmation  of  chemical  com- 
ounds  (i>iige  3G) ;  viz.  Lnmieiliatc  contact  and  the  titiid  state,  at  least  of 
of  the  bodies  conceniod, — whence  fusion  or  vapoiizatioti  by  elevated 
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temperature  is  oft^n  a  neccBsary  preliminary; — and  a  diBtinction  must  be 
made    between  dccornposiiion  in  the  teet  tt>ai/  and  decomposition  in   the  dry 

Here  also  in  some  cases  tlie  fluid  state  is  unt  cseeutial.  Thus  lime 
decomposes  sal-ammoniac  when  the  two  bt>dic8  are  rubbed  together  in  the 
dry  state  at  ordinary  temixraturcB  ;  and  common  salt  decomposes  sulphate 
of  mercury  at  a  t<'inperalure  below  fusion,  Borax  also  is  decomposed 
wben  niblx'd  up  with  nilrute  of  lead,  nitrate  of  gjher,  sulphate  of  zinc  or 
sulphate  of  eopjier ;  so  likewise  ie  cryatalUxed  chloride  of  bjirium  when 
ml)l>ed  up  with  nitrate  of  soda,  a  wet  mass  being  fonncd  by  the  separa- 
tion of  the  water  of  crystallization  of  tlie  liorax  or  the  chloride  of  barium. 
Again  two  solid  substances  insoluble  in  water  maj'  decompose  one  another 
when  that  liquid  is  present,  provided  the  product  wiiich  results  from  the 
d(.H!< imposition  is  soluble  in  water  j  e.g.  prussiun  blue  and  chalk  or  oxide  of 
mercury. 

On  the  other  hand,  we  often  meet  with  this  anomaly — that  even  when 
one  of  the  bodies  concerned  is  in  the  fluid  state,  dtH'()nif)OHition  does  not 
take  place  till  a  certain  quantity  of  water  has  Iieen  added.  This  pheno- 
menon may  iti  many  cases  l>e  explained,  act^orriing  to  Biiiconnot's  view, 
by  supposing  that  on  the  surface  of  the  solid  body  there  is  formed  a 
prfxluct  of  decom|)osition  insoluble  in  a  concentrated  acid  or  its  mixlure 
with  alcohol, — this  product  therefore  forms  a  fihn,  which,  though  vcrj'  thin, 
18  ini}>ervioas  to  the  liquid  and  prevents  fui"ther  contact  between  the  acid 
and  the  solid  lM>dy  ;  but  when  this  film  is  dissolved  \ry  the  addition  of 
water,  the  decomp<>Riti<uj  piroctx'ds  further.  WhctluT  in  some  of  these 
cases,  as  supiKised  by  Welzlar.  .^choidK'in,  and  i  it  hers,  electrical  nn»difica- 
tions  of  metals  intervene,  by  which  they  lose  for  a  time  Ihctr  diajHjsition  to 
combine  with  oxygen, — is  not  yet  satisfactorily  determined. 

Oil  of  vitriol  mixed  with  a  six-fold  quantity  of  absolute  alcohol  will 
not  decomp^)8e  any  dry  carbonate.  Altsolute  alcohol  which  has  absorl»i<d 
hydnwhloric  acid  gas  does  m>t  deconqtosc  carb<iuate  of  potash,  but  acta 
readily  on  other  carbonates.  Whilst  dilute  nitric  acid  gives  up  its  oxvg^n 
to  most  metals  with  the  greatest  \ioleiicc,  the  highly  concentrated  acid 
acts  but  very  slightly  ujxtn  bismuth,  and  has  no  action  whatever  upon  tin, 
iron,  lead,  or  silver,  these  metals  retaining  their  full  metallic  lustre  when 
immersed  in  iL  Irt)n  is  brought  by  strong  nitric  acid  into  a  pnnsiir  state 
HO  that  it  exerts  no  decomposing  action  even  upwtn  tlihite  nitrii-  acid :  it 
may  however  be  brought  back  to  its  ordinary'  ncfift  state  by  various 
means,  tUr  impiervinus  stratum  on  its  surface  lieing  thereby  n'moved,  or  a 
pi-culiar  ehtrtric  condition  destroyed.  Iron  may  Ik*  brought  into  the  same 
niato  by  immersion  in  a  solution  of  nitrate  of  silver.  Concentrated 
nitric  acid  dix«6  not  decompose  carl>onate  of  lead,  nor  dtx-s  it  act  on  carbo- 
nate of  lime  or  barj'ta  even  when  >)oilir>g,  most  probably  lu'cause  the 
nitrates  of  lead,  barj'ta  and  lime  are  insoluble  in  nitric  acid ;  carlK>nate  of 
potash  on  th<'  contrary  is  rapidly  <leconijK>sed  by  it,  Iwcaust;  nitrate  of 
ixttash  is  easily  solubfe  in  strong  nitric  acid.  But  nitric  acid  mixed 
with  »l)Molute  aIc«>hol  has  no  action  on  cnrlionate  of  potash,  probably 
b<*caum*  nitrate  of  pota«h  is  insoluble  in  the  alcoholic  mixture ;  the  car- 
bonates of  soda,  baryta,  and  magnesia  are  slowly  di»c«imposed  by  it,  those 
of  lime  and  Ktronti.i  immediately,  {possibly  l)ecausc  the  nitrates  of  lime  and 
stnintia  an;  sohible  in  alcohol.  Oxali«T  acid  dissolved  in  absolute  alcohol 
doc*  uot  detximitfwM'  carlH)nate  of  f)olaKh  or  of  lime,  but  acts  ujxm  the  t.»r- 
bonaleti  of  baryta,  stroutia,  and  nmgncHiii  (although  theeouq>oun4lsof  tliesc 
last  thr(>c  ba«CH  witJi  oxalic  acid  are  insoluble  in  the  alcoholic  mixture). 
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The  alcoholic  solution  of  racemic  or  tartaric  acid  does  not  decompose  any 
t  of  carbonic  acid;  that  of  citric  acid  doi's  nntd('cnin|ioi*c  the  carlxiriateH 
baryta,  strontia,  and  lime ;  carbonate  of  map^csia  is  slowly  deconiposod 

ly  it,  carbonate  of  potash  more  quickly.    Glacial  acetic  acid  docs  not  dccnm- 

Be  carbonate  of  lime  even  on  ^K^iling;  it  acts  however  on  mi«t.  dther 

bonates,  but  less  quickly  than  when  water  ia  added.     Glacial  acetic 

d  mixed  with  absolute   alcohol   has   no  action  on   any  carbonate    till 

ater  ia  added  to  it.     If  both  substances  are  licjuid,  no  addition  uf  water 

necessary;    thus  oxalic  acid    in  a  state  of   efflorescence  difisnlvod  in 

.bsolute  alcohol  precipitates  nitrate  of  hnio  dissolved  in  the  siune  hqtiid. 

^urther  developments  of  this  subject  will  be  found  under  the  heads  nf  the 

bove-named  acids  and  metals,  also  under  AlcoliuL     On  the  action  of  acids 

in  metals   n»/.    Kcir   (Sdiw,  53,    154).  —  Ili*r»cliel   (Ann.    Vh.   Pfii/s.   54, 
Fogg.  Z2,' 2\\,  also  Ann.  Pharm.  10,  250).— Wetzlar  {Scku:  49,  470; 

0,  88  and  129;  56,  206).— Berzelius  {Aiiuuat  Repori^)  8,  104).— Schweig- 

r    Scidel    {Sihw.    53,   1G7). — Dumas    {Ann    de    FlmhiMrie    Fran.    1829, 

ai;  abstr.  Schw.  57,  23).— Schonhein  {Phil  Mag.  J.  9,  53;  Pogg.  37, 

)0  and  590;  38,  444  and  492  ;  a9,  137,  342  and  351  ;  40,  193 ;  41,  41  ; 

3,    1).— Faraday  {Phil.  Mag.  J.  9,  57;  10,  175).— Mousson  {BibL  um'v. 
S.  5,  155;  also  Pogg.  39,  330).— Antkews  (P/n'L  Mag.  J.  12,  305;  sdso 

'(>gg.  45,   121).— Nuad  (Pful.  Mag.  J.   10,  267;   12,  4H ;  15,  292;  abstr. 

'ogg.   15,  292).— On   the  action  of   acids  on    carb<uiates,  vid.   Ik'rthollct 

Statitpie  Chim.    2,  50. — Pelouze    {Ann,    Chim.    Phys.   50,  314,    also   Pogg. 

b,    343,  also  v4nn.    Phanu.  5,    260:  — Ana.    Chim.    Ph^s.    50,    434  ;— J. 
hhn.    Vied.    9,   491). — Leroy   (J.    Chim.    med.    9,    489) — Braconnot   {Ann. 

'Mm.  PhiiSy  52,  286,  also  Pogg.  29,  173) — Knhhjjaun  {Ann.   Chim.  Phyf. 

7,  209,  also  Ann.  Fhann.  27,  22,  also  J.pr.  Chem.  14,  502). 
Moreover,  just  as  the  simple  fonnatJon  of  coni[)omids  often  requires  a 
L!:her  teuiperatm-e  tluiu  that  which  is  necessary  to   bring  the  cond)iniiig 
bstauces  into    the  fluid  state,  so    likewise  is   this  higher  ternperalnre 

leceseary  in  many  cases  of  combination  attended  with  decomfioHition. — 
red  heat  is  necessary  to  enable  oxygen  gas  to  deconqKise  amnioniacal 
into  water  and  nitrogen  gas,  and  for  the  formation  of  carbonic  oxide 
d  hydrogen  gas  by  the  action  of  charcoal  on  vapoiu*  of  water. 
In  these  cases    also,    tight  and   elect ricily  may  sometiiucs  su|)]>ly  the 

lace  of  elevated  temperature  (Vid.    Chemical  effects  of  Light   and  Eke- 

We  proceed  to  notice  some  of  the  more  important  cases  of  chemical 
lecompositiou  brought  about  by  the  superior  affinity  of  eu{H.Tadded 
IxKlies: 

1.  A  comjjound  A  B  is  decorajwsed  by  intervention  of  C  into  the 
Comp<.iund  A  C  and  the  hberated  body  B.     {Scheme  l".)     Simple  Elective 

(finity,  Atlractio  electiva  simplex. 

Deojmpositions    of   this  kind  in  which  heat    forms  one    of  the  acting 

"ies  are  as  follows :  Let  A  B  be  water,  i.e.  heat  +  ice,  and  G  frozen 
ercury ;  these  give  liijuid  mercury  and  ice  (.S'cA.  2). — Let  A  B  be  oxide 
f  gold,  i.e.  oxygen  4  g<dd,  and  C  heat  at  a  temperature  of  incandescence  ; 
the  result  is  oxygen  gas  (oxygen  +  heat)  and  metallic  gold  (»ScA.  3).  In 
a  similar  manner,  carbonate  of  Ume  at  a  red  heat  is  resolved  into  carbonic 
*cid  gas  and  lime :  hkewise  arseiiiuretled  liydrogen  gas  at  a  red  heat  into 
hydrogen  gas — which  m  the  separate  state  is  more  expanded  and  therefore 
probably  combined  with  a  greater  quantity  of  heat  tlian  when  in  union 


*  PLiie  III.     The  dotlcil  linea  denote  tUe  compotmdB  destroyed 
neur  compounda  rormed. 


the  full  lines  tbe 
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with  aiveuic — and  metallic  arsenic. — Let  A  B  be  hydrochloric  acid  gas 
(hydnxrhloric  acid  +  heat),  a«d  C  water ;  the  water  combines  with  the 
add.  fonuiug  a^iueoos  solution  of  hydrochloric  acid,  and  heat  is  disengaged. 
iScA.  4>. 

CaiM.1*  in  which  all  tliree  bodies  are  ponderable:  Sulphuret  of  silver 
ex\Mm:d  t»  the  air  at  a  red  heat  yields  sulphurous  acid  and  metallic  silver 
iSch.  :}}. — (>xide  of  zinc  heated  to  redness  m  contact  with  charcoal  is 
n^AvtA  into  carlx^nnic  oxide  and  metallic  zuic  (Sch.  6). — Oxide  of  copper 
in  a  tfiiuiUr  inanner  uit^j  carbonic  add  gas  and  copper  (Sch.  7.) — Chliirinc 
jea*  *fXiJt:lH  oxygi'u  gas  from  red-hot  potash  (KG)  and  produces  chloride 
til  t^Asui^iuui  (Scfi.  H). — Hydrochloric  add  and  zinc  form  chloride  of  zinc 
fritL  'LM^iUintetiUUiHt  of  hydn>gen  gas  {Sch.  9). — ^Iron  decomposes  chloride 
<4  t;'jY*rr  ill  <:t)titHct  with  water  into  chloride  of  iron  and  silver  (ScA.  10). 
iTmunkur  Hlg  S)  heated  to  redness  m  contact  with  h^n  yields  sulphide  of 
WMi  at  A  uit'.rf:ivry  (Hch.  ll).^]!arbonic  acid  gas  is  expelled  by  sulphuric 
waA  fr'/tn  'strUitiat<;  of  lime,  and  sulphate  of  lime  is  formed  {Sch.  12). — 
Af^wi^itin  •i'yiutiou  of  nitrate  of  silver  mixed  with  caustic  potash  yields 
oxifU:  'A  »filv«.f  and  nitrate  of  potash  (Sch.  13). — Water  added  to  a 
mAuf.'ifiu  'A  nutiu  in  alcohol,  forms  dilute  alcohol  and  prcdpitates  resin. 
ifu  tli/;  otty^r  iiaii'l,  iibmlmt'H  salt  dissolved  in  water  is  almost  wholly 

C»*:ifAtitUA  by  a/Uition  of  alor>hol:  for  the  mixture  of  alcohol  with  a 
rj^<;  'jiufitity  of  water  lias  scarcely  any  affinity  for  resin,  and  tliat  of 
w*Ufr  with  a  largi>!  quantity  of  alcohol  scarcely  any  affinity  for  Glauber's 
Mait. 

¥)0Hn/^Mitm  a  takitH  frtna  the  impound  A  B  only  a  part  of  A,  ««->  that 
•  tvHtt{0Mw\  tA  H  with  a  wnaller  quantity  of  A  is  separated.  Thufi  zinc 
iu  a  cUt^T  </f  iiii'Miuhitniituu!  n>\m  carlxinic  add  of  half  its  oxygen  and  iMn- 
<r«rfiA  <L  iiiVi  fjuifnt'u:  oxide  (StJt.  14.)— The  resulting  compound  A  C  mtiy 
tttM,  '/rititiiu*'.  with  A  |{  which  has  iK'en  deprived  of  half  of  its  original 
/|««a/.fity  i,t  A,  ThiiN  zin<!  and  solution  of  sulphurous  acid  form  hyjw^inl- 
l^^tf/:  '.t  Any.  (St:h.  Wt).-—i)r  (J  may  rob  the  compound  A  B  of  the  whi>]e 
*A  A  u.'l  \M\.  'A  l{,  (ifid  H<;|iunite  only  the  remaining  part  of  B.  Thus 
Kfii-A  ..'./.  v.'t  Ut:tU:'l  with  |x;nixi<l«!  of  manganese  forms  sulphate  of  )in.it- 
*,-ty-i    J  !:.Mi/'*u*-i*:  and  driv«'H  out  half  the  oxyg«!n  (.?<•/<.  16). 

T'./-  '!/'/.«.f//<»if.'»fi  'A  \  \^  by  <.' sometimes  takes  place  in  pn^soncv  of 
•«/.«..•- r  '/Ay  U.  wK>rh  im  at  fintt  combined  with  A  B  and  af tonvanli<  imitt's 
■»,fi.  \  '..  V.iNrf  /.\  lif  mix<-d  with  sulphuric  add  (D).  vifKls  wht-ii 
M^^i'.  .r/.r.  ;■/  /..'.r.  milf/fiat^f  of  zinc  an«l  hy<lrogcn  g;»8  {Sch.  17). — Thf 
«ur.r  *..-..:  .'  v.tf.t.  r*k«.-i»  lAiu:*-  whenever  hydrogi'n  gas  is  given  off  during 
fnr-  '•'.'•  '.  .i  :k  :.'>^al  ;.'i  dilut'r  oxy;r»-n  acitls  or  alkaHne  Si>luti<>ns. — Tn 
*ht<*  .<:«•:  ..tu-.-K^-  y*-l  'Ti^  all  f>rr'<:i|iitations  of  metals  fn>m  solutions  of 
*rte"f  :■•'•  •«  -.  ■i-i^r.'lft  '.T  alkalif^.  by  other  metals  in  the  motullio  state : 
f.r.  --r.  ;7  t  -..•••-»;  .';i".-t  K-;  -'il'!*titute«l  for  hydn'>g«*n).  Thus  anc  ini- 
•t\i---  :  ' .  f.."»N'  'f  Cf'r-i»-r  f^'-lniX's  sulphate  of  zinc  and  nu-t;«IIio 
».■•.'/•  -A.  J*.  '.::.?.Az\\\  <i»{-f».T  aini  nitrate  of  silver  give  nitnito  .-f 
v»,'<-  1  .:  •...■•^...'  •.>■ '-r  ' S-A.  r.'i. — ^Vln.•n  oart<iiuate  I'f  s-kIu  is  hfutol 
-,     •    ■  .  «  '•*•  witii  ji' ■!-j'L' -nLs.    |ih'.^phato  of  s-.yla  and  charcoal 

V-      '   .     ...-■.      -..-..  ■£■•  . 

»  ■  I  •  ...i-i»  '.  .  :..-».-r  f  •':.•?  o-mf'-ond  A  B  w  litx^'iuj^xs^sl.  sinl  tho 
•jOM-r  .a."  -  »■:  '.»—  "■^rh  :r.-  i.cwly-f. •rrzsol  «>»nii«m««l  A  «\  tak:!ij.-  tlie 
i/  '.jfr  •-..'•.!•.*.-.>-  I».  P  Towiitins  ht-atoi  ia  v"iirt»'ivv  at.-:«l  ^ras  >tHi- 
BMffVJto  *c.»:  •  r-.-_-  :•  va.»r-  wLx-h  0'mU;H»#  witii  tin*  ii::U\>-:iii»«>til 
fj  '.I*?  .a.-^r.j:  fc-.-i  Nv?.  ilL — I'Li  rv.*"  {ki>«<>i  iu:  ;- *•.::>  •:.  f 
lift  iMsafiw  ae  Ai=r.-jeHi  ^<  thAt  cv«»(K-uud  ia  the  j>£<\u:>  i^rxu. 
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and  combines  with  the  hydrogen  fomiiug  hydnHihloric  acid,  wliich  thou 
unites  with  the  remaining  portion  of  anuuuniu,  furminjf  sal-unimouiac 
{Sch.  22). 

A  similar  action  sontetimes  takes  place,  with  tiiis  difft'rcnce,  thut  C 
taked  only  part  of  A  frixu  fhe  (li!fon)posuijor  portion  of  A  B.  Mercury 
heated  with  Hulphuric  acid  produfcs  sulphate  of  nien:iiry  and  sulphuroua 
•cid  {Sch.  23). — Copper  treated  with  nitric  ad<!  yit-ld*  nitrate  tif  cop- 
per and  nitric  oxide  giiH  {Sr/t.  24), — Zinc  and  dilute  nitric  acid  yield 
nitrate  of  zinc  and  nitrous  oxide  ^as  {Scfi.  25). 

2.  The  action  of  C  on  the  com^Kumd  A  B  produces  two  new  com- 
poonds,  AC  and  BC  {Sch.  2fi).  When  oxide  of  mercury  is  heated  to 
redness,  va[X)iir  of  mercury  (mereury  +  heat)  and  oxygen-j^as  (oxygen 
•+■  heat)  are  prodticed.  Sulphide  of  carlxm  burnt  in  oxygen  gaH  pro- 
duces Bulphiirou8  acid  and  t\arlx»nic  acid  (Scfi.  27). — Sulpliide  of  anti- 
mony Ijcated  hi  contact  with  air  yields  8ul|jliinoiiH  acid  gas  and  antinio- 
nious  acid  {Sch.  2S).  —  A  Biiitlur  action  takes  place  with  other  im-tallic 
sulphides. — Chlorine  gas  converts  Kultiliide  of  antimony  into  chloride  of 
Bulphur  and  chloride  of  atit'unoriy  (WfA,  2!t),  and  produceB  Ktiiiilar  effects 
on  other  mciallic  sulpIiidcH. — SometinicH  tlie  two  new  cornfxnnid.s  A  l! 
and  BC  combine  together.  Thus  suljihido  r)f  cijp|K!r  when  heated  in 
the  air  is  converted  uito  sulphate  of  oxide  of  copper  (jSt7*.  yt>). 

The  Bame  decnm|)o,sitiori  often  takes  place  in  presene;*.'  of  a  fourth 
body  D  cr)nihiiied  with  A  B,  one  of  the  new  conj|jfjmids  A  Band  AC,  or 
each  of  them  Ke]>arate!y,  uniting  with  this  fointh  lioily, — Mercmy  pla<n'd 
ill  a  solution  of  nitrate  of  silver  forms  suhnitrate  of  inercmy  and  silver- 
amalgam  (Arbor  Diame,  Sch.  31). — When  phosphorus  is  boiled  in  water 
holding  potash  in  sohition,  pli(»K[iliate  of  potash  and  phosphuretted  hy- 
drogen gas  arc  jirodiiced  {Sch.  32). — Chlorine  gas  passed  into  aqtieous 
solution  of  itotash  yields  chlorate  and  hydrochlorate  of  [Mitash  (Scfi.  3;l). 
- — If  in  this  process  we  8Upi>ose  that  potash  instead  of  water  is  the  Ixidy 
decomposed,  and  that,  not  hydrochlomtc  of  potash  but  chloride  '>f  jxdas- 
eium  is  produced,  then  Sch.  M  must  be  substituted  for  Sch.  ^3.  Tho 
action  of  bromine  or  iodine  uptm  [Mttash  is  precisely  similar  to  that  of 
chlorine.  Sulphur  exerts  a  similar  action  on  lime  (or  potash)  when  water 
IB  present ;  the  action  will  Ixy  represented  by  Sch.  So  or  Sch.  HtJ  according 
as  we  BuppiBfi  hydrosul[)hatc  of  lime  or  quinto-sulphide  of  calcium 
to  be  the  body  formed.  In  Sch.  34  and  36,  the  fourth  bi>dy  is  a  psirt  of 
the  comi>oiLiid  A  B,  whicli  remains  undecomposed.  The  same  is  the  aiso 
in  the  omversion  of  pmtash  by  excess  of  sulphur  at  a  red-heat  into  quinto- 
Bulphide  of  potassium  and  sulfthate  of  jxttash  {Sch.  37). 

Sometimes  a  fourth  1.>ody  U  exists  Itt^fore  the  decomposition  in  combi- 
nation with  A  B,  and  is  set  at  liberty  by  the  decomposition.  Sulphate  of 
ammonia  dissrdved  in  water  is  converted  by  chlorine  into  hydrochloric 
acid,  ddoride  of  nitrogetj,  and  free  sul[ihuric  acid  (!►)  {Sch.  3H). 

8.  The  comijfjujid  A  B  is  acted  u|xm  by  the  comixiund  C  1>,  and  there 
are  formed  two  new  compoimds  AC  and  B  D.  This  very  freiiuent  and 
imjMtrtant  case  is  called  decomiKwitioii  by  Double  Elective  Affinittf,  Double 
Ajfiiiitif^  Atlractw  tlectiva  thiphx  {Sr.h.  3U^. 

Perchloride  of  ijhoK]ihQrus  (PCI*)  and  water  produce  hydrochloric 
acid  and  pliosplM)ric  acid  (PQ*)  (.St;//.  40. — Sulphuretted  hydrogen  with 
oxide  of  lead  yields  Bul(.ilude  of  lead  and  water  (,SiA.  41) ;  with  f^^roxidc 
of  tin,  bisidphide  of  tin  and  water  {Sch.  42);  with  arsunious  arid,  tcr- 
6nl[>l)ide  of  arsenic  and  water  {Sch.  43) ;  with  arsenic  acid,  quinta*sul- 
phide  of   arsenic  and  water  Sch.  44).-^0ther  hydracids   act    upon  me- 
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tallic  oxides  in  a  eimiliir  manner.  Temulphido  of  antimony  heated  with 
protochloride  of  mercury  yields  terchlnride  of  antimony  and  iimto-sul- 
phide  of  mercury  {Se/t.  45). 

The  nio8t  frequently  occurring  deoompositionH  l«y  dnubU-  affinity  arc 
those  of  salts  (ciintaininp  a  base  and  au  acid  as  finisiuiate  elements). 
Two  Baits  whicii  contain  diffi-n-iit  iir]i\n  and  differenh  Itiisi-K  often  inter- 
change elements  in  such  a  niiuiner,  that  the  acid  of  the  first  combines  witli 
the  base  of  the  second,  and  the  acid  of  tlie  Bceorid  with  the  haw?  of  the 
first.  This  decompoRition  is  seldom  observed  when  saltrf  are  melted  to|;e- 
thor,  bt'cause  in  case  of  an  exchaiijcce  taking  place,  the  t'vso  newly-funued 
salts  often  fute  tog-ether;  but  it  very  fre([neMtly  occiu-s  when  solutions  of 
tlie  salts  in  water  or  other  linuids  are  mixed  tii^ether.  In  the  latter  case, 
if  the  two  newly-formed  salts  are  likewise  soluble,  the  decompositicm  may 
bo  discovered  from  the  constitution  of  tlie  crystals  obUiined  on  evajx)ralion 
or  cording;  but  in  very  many  cases,  one  of  the  newly-fomied  huIih  is  but 
slightly  or  not  at  all  soluble  in  the  menstruum,  and  conse<inently  affords 
evidence  of  the  d<'Composition  by  separating  from  the  8ohitii»n  in  the 
solid  fnnn.  When  aqueous  solutions  of  CAirbonate  of  potash  ami  sulphate 
of  soda  are  mixed,  the  liquid  yields  on  evafmration  and  cotding,  first  crys- 
tals of  sulphate  of  potash,  iifterwards  itf  earlKinute  of  soda  {Sc/t.  4C). — 
Nitrat^^  of  baryta  and  sulphate  of  soda  mixed  in  the  state  of  atpieous  so^^^H 
tion,  yield  nilrate  of  soda  which  remains  dissolved,  and  sulphate  of  bar^^^H 
whioli  immediiitely  precipitati-s  in  the  form  of  an  insobible  white  j)owd©r 
(.SVA.  47). — Similarly,  aqueous  solutions  «^f  carb<mate  of  fiotash  jind  nitrate 
of  lime  yield  a  thick  precipitate  of  carlxmate  of  lime,  while  nitrate  of 
p)tush  retnains  di«H<jlv«'d  iii  the  liquid  (Si/t.  48).  —  A  soluble  salt  may 
likewiftc  interchange  elctnents  with  an  insohd)h'  one;  e.  (j,  carbonate  of 
soda  and  sulphate  of  lead  yield  sulphate  of  soda  and  carbcMiate  of  lead. 

To  this  case  lielongs  Uicliter's  /.</«•  of  Neutralization  (Beitriige,  4,  60). 
Richter  found  that  when  decoin[j<>sition  takes  place  between  two  salts 
which  are  neutral  to  vegetalile  colours  (jMige  1)7)  the  two  newly-formed 
salt*  are  likewise  neutral.  From  tliis  he  citncluded  that  if  the  acid  of  the 
lirs^aalt,  by  combining  with  a  certain  quantity  of  the  base  of  the  second, 
«ots  free  a  certain  quantity  of  acid  lieloi»ging  to  it,  this  quantity  of  acid 
is  exactly  sufficient  to  form  a  neutral  salt  by  conil lining  with  the  dispo- 
sable quantity  of  the  base  i»f  the  fu'st.  Of  this  important  princiole,  Hichter 
availed  himself  in  his  stuichiona-lrical  cuh-ulutions :  the  result  can  now 
be  easily  explainf<|  by  the  atomic  theory  as  ai>ove  developed.  Salts  are 
OOmnoidY  in'Utnil  when  they  contain  one  atom  of  acid  for  every  atom  of 
bfhBC.  ll  now  tw<i  salts  thus  (ronstilitted  deconijjoso  each  other,  pn-ciscly 
1  atom  of  tiaso  of  the  first  eondiiiit^  with  1  atom  of  base  of  the  second ; 
and  1  atom  of  base  of  the  tirwt  with  one  atom  of  mnd  of  the  second:  hence 
Ijoth  the  new  cointM>unds  nre  neutral.  In  those  cases,  however,  ill 
which   tlir  newly  fornuHl  insoluble  salt  CfUitains  a  numlx'r  of  atoms  of  n 

IHirticulur  at^id  different  from  that  which  occurs  in  the  f<irmer  salt,  tlio 
aw  of  iieutraiiHation  is  subject  to  exn'ptions.  Thus  ordinary  [ihosphatti 
of  soda  emifiiins  1  atom  of  uhosphoric  acid  and  2  atoms  of  soda:  now 
when  this  is  decomjmsed  by  nitnite  of  hilver  (1  atom  of  acid  +  I  atom  of 
base)  a  oimpound  is  pre<rijiilated  eontaining  I  atom  of  phosphoric  ai*id 
and  :t  atoms  of  oside  of  silver;  but  these  were  originally  c*>inbined  willj 
8  atoms  of  nitric  aciil,  and  they  now  come  in  contact  with  only  2  atoms 
of  iM'<Ia,  aiiil  since  two  atoms  of  soda  require  only  2  atoms  of  uitnc  acid  to 
n^utraliw  tlu-m,  the  liquid  bec*»mi'S  Jicid  (Sch.  49). 
Tho  following  are  oaaos  of  decuni]Hi8ition  by  double  affinity.  In  which 
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fifth  body  E  also  comes  into  play.  The  conipoiuid  A  B  is  in  combina- 
tion with  E  arul  ihu  latter  Hubseniioiitty  unites  with  A  C.  Oil  nf  \itriol 
(Bulphuric  acid  -|-  water)  mixed  with  cliloride  of  Hodium  yields  sulphate 
of  soda  and  hydrudiluri<;  acid  jxas  (*SVA,  50). — Sulphate  of  njercury 
heated  with  chlttridc  of  Bodiuin  yieldn  Hidphate  of  tunhi  and  chloride  of 
mercury  (.S'r A.  51). — By  fu.siiif^  together  sidphatc  of  baryta  and  chloride 
of  calcium  we  oJitaiu  Bulphate  uf  Ihne  and  chUiride  of  bariuui  (Sck.  52). — 
In  a  similar  maiiuei'  may  be  cxiihiincd  all  other  doconifwisitions  of  a 
salt  consisting  of  an  oxacid  and  a  base  by  any  metallic  Kul[)liide,  iothde, 
bromide,  chloride,  fluoride,  or  eyanitle,  wliether  wafer  he  prcKeiit  or  not. 
Thua  aqueous*  Hohitions  of  sulphate  of  bmiJu  and  cliltirido  of  barium  yield, 
on  inixhig",  a  precipitate  of  Bulphute  <tf  baryta,  while  chloride  of  Bodiuni 
remains  in  Bohilion  {Sc/i.  '}3);  and  solutions  of  carbonate  of  potash  and 
chloride  of  calcium  yield  precipitated  earliouate  of  lime  and  Kohible  chlo- 
ride of  jxitassium  {Sch.  I}4}.  If  however  we  supfiose  that  the  metallic 
sulphides,  chlorides,  itc,  are  converted  on  solutitm  into  salts  consistiijcf 
of  hydracids  combined  with  nietatlic  oxiik'H,  then  Si/i.  54  must  be  altered 
into  Sch.  55. —  The  mutual  deaini|)osition  of  ferroLyanide  of  ftotassimu 
and  sulphate  of  eofiper  may  be  refireHiented  by  Sc/i.  5ii  or  ySVA.  .'i?,  ai-cord- 
ingly  as  it  is  HupjMised  that  the  former  dissfvlves  ui  water  without  altera- 
tion, or  becomcH  chang-eil  into  prussiate  of  [jrotoxide  of  tm  and  potash  ;  Lu 
the  ftjrmer  case,  IkjOi  A  B  and  C  D  are  coinbiiii^d,  the  one  with  n,  dfth,  the 
other  witli  a  sixth  body,  the  fonner  of  which  combuies  with  A  (J,  the 
latter  with  B  D. 

The  decomjmsition  of  common  salt  hyheatinjK"  it  with  silica,  and  allow- 
ing vajxmr  of  water  to  have  access  to  the  mixture,  prcseuts  this  pceuliarity 
— that  E  the  silica  is  not  combined  with  A  B  the  water,  but  acta  by  itself 
and  comhines  with  A  Vj  the  soda  {Sch.  58). 

In  some  cases  of  dccom|Kisition  by  duulile  aRTnify,  part  of  the  com- 
]X)und  .V  li  retiiaius  uijdt'Com|.Misud  and  enters  into  cuml/ination  with  the 
new  eompjund  .\  C.  When  2  atoms  of  barj'ta  at  a  red  heat  are  acted 
u|K)n  by  1  atom  of  bisulphide  of  carbon,  there  are  formed  2  atoms  of 
sulphide  of  barium  and  1  atom  of  carl^onic  acid  which  unites  with  the 
undeconi]X)sed  atnm  of  baryta  (Sc/t.  5'J). — In  other  cases,  the  undecora- 
fmsed  {Million  of  A  B  uniteH  partly  with  A  C  and  partly  with  B  D.  Thus 
when  tersulphide  of  antimony  in  excess  is  fused  with  jiotasli,  a  com|»onnd 
of  sulphide  of  antimony  with  oxide  of  antimony  i-n  formed,  and  also  a 
compound  of  sulphide  of  antimony  with  sidfihide  of  potassium  {Sch. 
60). 

Or  again,  the  undecnmposed  portion  of  A  B  unites  with  the  new  com- 
pound B  1),  ami  the  undecom|K>sed  jKirtion  of  tl  D  with  the  new  componmJ 
A  C.  Thus  on  fusing  topethinj^  8  atoms  of  tersulphide  of  antimony  and 
7  atoms  of  p^jtasli,  we  obtain  a  compound  of  Bul|;thide  <\i  potassium  with 
sulphide  of  anthnony  and  a  compound  of  oxide  of  antimony  with  potash 
(.S'rA.  Ul). — Bisulphide  of  carbon  dis.solved  in  aqueous  solution  of  potash 
yields  sulphide  uf  ixitassium  which  unites  with  sulphide  of  carbon^  and 
carUmic  at:\d  which  combines  with  [lotash  (SrJi.  6"i). 

The  compound  A  B  may  also  be  in  combination  with  a  fifth  body  E,* 
whicl»  is  set  free  by  itself  simultaneously  with  the  formation  of  A  C  and 
B  Ih     The  coniiMiuiid  of  hydrochloric  and  ammonia  (E)   is  resolved  when 
mixed  with  lime  into  chloride  of  calcium  and  water  while  ammonia  is  set 
free  (:s'c/,.  m). 

Lastly,  a  portion  of  B  may  remain  uncombined :  2  atoms  of  hydro- 
chloric acid  atid  1  atom  of  peroxide  of  luangaueae  yield  2  atome  of  water 
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and  1  atom  of  chloride  of  manj^nefte,  while  1  ntnm  of  chlorine  is  discn- 
gtifj^od  (Sch,  G4).  If  we  8U|.i|k>sc  Ihsit  liy«lrncl(>ratc  of  protoxide  nf  man- 
gaiif  se  is  formed  iiifitciwl  of  the  cliloride  of  luaiiyuuese!,  we  luuMt  represent 
the  tictii>n  by  ,Sch.  73. 

4.  The  nuitual  action  of  A  B  and  C  D  produces  only  the  compound 
AC,  while  both  B  and  D  arc  separated  in  the  free  Btate  (Sch.  65).  Car- 
bonate of  potusli  mixed  in  suhitiiin  with  sulphate  of  alumina  fonns  sulphate 
of  p«»taah,  while  carlmnic  af:id  is  disen^apfed  a«  gas,  and  alumina  precipi- 
tated, this  earth  not  heini^'  able  to  eombuie  with  carlxiiiic  acid  {.Sv/i.  G6). 
Nitric  acid  and  hydriK;htnric  acid  lu'uted  tugcther  froni  water,  hyp^'uitrio 
|M;id  and  chlorine  {Sch.  <J7J.  In  this  case,  the  cormxutndrf  A  B  an<I  0  D 
may  exist  iu  coiubination  one  with  the  other,  and  Buffer  decoinp<>siti«»M 
when  heated.  Thus  sulpliate  of  aiuinnnia  jtaHHed  thrnujrh  a  red-lit>t  tulio 
is  rc8olve<l  into  water,  nitrop'en  g'as  and  sul|>hur  (•SVA.  GS).  Moreover  the 
cleineut  B  of  the  ciini(K)Uiid  A  li  and  the  element  U  of  the  cornfMiuud  (.!  I> 
may  be  identical;  thus  HulplmrouH  acid  and  sulphuretted  hydrojaren  fonn 
water  and  Bulphur  (Scii.  G'J) ;  iodic  acid  anrl  hydriudic  acid  yield  water  and 
iodine  {Sch.  70) ;  nitrite  of  arnnionia  disnitlved  iu  water  ifl  resolved  by 
gentle  wanning  into  water  and  iiitrn;;;en  ya.s  {Sch.  71).  If  in  these  cases 
the  b<xly  C  diM^s  not  take  up  the  whole  of  A,  part  of  the  latter  remains 
in  cflmhinati<}n  with  the  »e]taratfd  element  which  existed  in  both  the 
original  com|KuiiuJs  :  thus  nitrate  of  anunonia  is  resolved  by  heat  into 
water  and  protoxide  of  nitrogen.     (Scfi.  72). 

A  p(irti(jii  of  A  B  nniy  also  remain  urHlecom|>08etl  and  conihino  aa  a 
fifth  body  with  either  D  or  A  V.  Hydrochloric  lUid  [x'roxide  of  mangJinese 
rt>8olve  tliemselves  by  their  joint  action  into  water,  chlorine,  and  liydro- 
cld()rato  of  prtitoxide  of  manganese  {Srli.  73).  Anhydrous  sulphuric  acid 
acting  witli  the  aid  of  heat  i>n  chloride  of  siMliuni  produces  sulphate  of 
scMla,  sulphunjus  acid  gas,  and  chloiine  gas  (Sch.  74). 

!}.  The  two  bodies  (J  and  D  act  sefarately  on  the  comjiound  A  B,  and 
produce  the  com|>ounds  A  C  and  B  D.  The  two  eteclricities  Itowijig  into 
water  on  <^>pixmite  sides,  produe^^  oxygen  gas,  wliich  may  perha)>8  I»e  regtir- 
<led  as  a  compound  of  positive  electricity  with  oxygen,  and  hydrogen  g-.is, 
which  should  f)t;rhaps  bo  regarded  as  a  com|K)und  of  negative  electricity 
with  oxygen  {Sch.  7.')) ;  and  a  similar  explanation  may  bo  given  of  the 
dccomjxwitions  of  other  iKjndcrabte  ooin])«imids  by  the  electric  current. 
Sihca  mixed  with  charc<ial  and  iw-ted  u|x)n  at  a  red  heat  by  chlorine  ga.s, 
yields  chloride  of  siUcium  and  carUtuic  oxide  {Si:h.  76).  Siuiilar  results  arc 
obtained  with  many  other  metallic  oxitles. 

6,  There  are  two  compounds  A  B  and  C  D  independent  of  each  other; 
a  Ix^ly  E  conibim^  with  A,  brings  B  uito  combination  with  D,  and  sets 
C  at  lilH'rty  (Sch.  77).  When  vapour  of  water  is  fmssed  over  a  uiixturo 
of  chloride  of  silver  and  charcoal  at  a  red  heat,  carbt^nic  oxide,  hydro- 

I  cldor)<^  acid  and  metallic  silver  are  prtKlnced  {Sch.  78).  Iu  the  foUowing 
instance,  armthi-r  jMirtion  «)f  E  combines  at  tlie  same  time  with  B  I), 
Chloride  of  stMiitm^  peroxide  of  manganese,  and  sulphuric  acid  yield 
sulpiiate  of  soda,  sulphate  of  protoxide  of  manganese,  and  ckloriao 
{Sch.  7a). 

7.  From  a  coiupuund  of  A  B  with  A  D,  E  takoa  the  whole  of  A  and 
fM'paratoH  B  and  U,  either  in  the  fnx*  atato  or  combined  togetlier  (Sch.  Hi)), 
'When  hydriite  <>f  |M>tash  is  brought  into  C4^ntact  with  iron  at  a  white 
heat,  i>xi«le  of  iron,  hytlrogen  gas,  and  |x>ta8sium  are  produced  (Sch.  81). 
Cliaroonl  decom|>o»eH  curiwiuate  i»f  sikla,  producing  3  At.  curlxjnic   oxi<lu 

•nd  1  AU  aodiura  {Sch,  82).     Charcoal  at  a  rod  beat  dccompoi 
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phoBphate  of  lead,  producing  carbonic  oxide,  phosphorus,  and  lead  (Sch. 
88).  Hydrogen  gas  conducted  over  red  hot  sulphate  of  potash  produces 
water  and  sulphide  of  potassium  (Sch.  84).  Tin  treated  with  aqueous 
solution  of  nitric  acid  yields  peroxide  of  tin  and  ammonia,  the  latter  how- 
ever combining  with  the  imdecomposed  portion  of  the  nitric  acid  (Sch.  85). 

8.  Two  compounds,  ABC  and  D  £  F,  resolve  themselves  by  their 
mutoal  action  into  the  three  compounds  A  D  ,B  E,  and  C  P  (Sch.  88).  This 
case  has  received  the  name  of  Attractio  electiva  multiplex.  Hydrosulphate 
of  funmonia  and  nitrate  of  lead  produce  sulphide  of  lead,  water,  and 
nitrate  of  ammonia  (Sch.  87). 

The  cause  of  all  these  decompositions  of  existing  compounds  by  super- 
added bodies,  resulting  in  the  formation  of  new  compounds,  is  universally 
to  be  sought  in  the  condition  that  the  forces  which  tend  towards  the  for- 
mation of  the  new  compounds  are  stronger  than  those  whose  tendency  is 
to  maintain  the  old  ones.  In  such  changes,  affinity  plays  by  far  the  most 
important  part ;  but  some  influence  is  also  exerted  by  cohesion. 

The  innucuce  of  cohesion  may  perhaps  be  understood  in  the  following 
manner.  The  more  coherent  any  element  of  a  compound  may  be,  the 
greater  will  be  its  inclination  to  leave  that  compound,  and  form  itself,  by 
virtue  of  cohesion,  into  larger  masses,  and  the  more  quickly,  therefore, 
will  the  old  compound  be  decomposed  by  a  weaker  affinity.  The  same 
effect  results  from  greater  cohesion  in  the  new  compounds  :  for  the  for- 
mation of  these  compounds  is  then  assisted,  not  only  by  the  affinity  of 
their  elements,  but  also  by  the  tendency  of  the  compound  atoms  to  unite 
themselves  by  virtue  of  their  cohesion  into  larger  masses.  The  greater 
therefore  the  cohesion  of  the  separating  bodies  and  of  the  compounds 
about  to  be  formed,  the  more  easily  wiS  the  decomf>08ition  take  place ; 
on  the  contrary,  the  greater  the  cohesion  of  the  old  compounds  and  of  the 
body  which  produces  the  decomposition,  the  greater  will  be  the  excess  of 
afi&nities  required  to  affect  that  decomposition.  Tliis  influence  of  cohesion 
seems  to  be  especially  corroborated  by  the  law  discovered  by  Hahnemann 
(Demachy  Laborant  im  Grossen,  P.  2,  1784,  Vorrede),  and  further  developed 
by  Berthollet,  viz.,  that  two  salts  dissolved  in  water  decompose  one 
another  by  double  affinity,  whenever  one  at  least  of  the  new  salts  is,  at 
the  given  temperature,  less  soluble  (and  therefore  more  coherent)  than 
either  of  the  two  original  compounds.  This  law  holds  good  without  any 
exception  whatever ;  in  no  instance  are  two  soluble  salts  produced  from 
the  mutual  action  of  a  soluble  and  an  insoluble  salt ;  on  the  other  hand, 
two  soluble  salts  often  produce  a  less  soluble  and  an  insoluble  salt.  The 
only  case  which  appears  to  present  an  exception  is  that  observed  b^ 
Th.  Scheerer  (Pogg.  51,  470),  and  this  requires'further  examination.  It  is 
from  this  cause  that  precipitations  so  often  residt  from  decompositions 
by  double  affinity.  (Comp.  Sch.  46,  47,  48,  49.)  If  now  we  suppose  that 
a  salt  dissolves  in  water  with  greater  faciUty,  the  more  coherent  it  is 
(although  the  strength  of  its  affinity  for  water  must  also  be  taken  into 
consideration),  it  will  follow  that  in  these  decompositions,  the  predpitation 
results  from  the  greater  cohesion  of  one  or  both  of  the  new  salts. 
Perhaps  in  these  mutual  decompositions  of  salts,  the  affinities  by  which 
the  old  compounds  are  held  together  are  in  equilibrium  with  those  which 
tend  to  produce  the  new  ones,  and  consequently  the  greater  cohesion  of 
a  new  compound  determines  the  result. 

On  the  other  hand,  the  experiments  of  Gay-Lussac  (page  114)  must  be 
considered,  according  to  which  cohesion  exerts  no  perceptible  influence 
on  solubility.    Nevertheless,  Gay-Lussac's  explanation  of  the  above  law 
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Ann.  Chim.  Phifs.  70,  427)  difFera  but  lit t to  from  that  of  BerthoUet.  The 
followiu^  cxplanution  may  alfio  be  propisod.  The  mnrp  intimate  the  cnni- 
binatiou  i>etweoii  an  acid  and  a  base,  and  coiiscqiunilty  the  more  comjiloti-Iy 
the  combining  t<'n{iency  of  the  two  bodies  is  satisfied  by  the  comhiiiatinii, 
the  smaller  will  be  the  affinity  exhibited  by  the  new  compound,  under 
otherwisi*  eqtial  circumstances,  towards  the  other  bijdies  ;  it  will  thi-refore 
have  less  affinity  for  water,  that  is  to  say,  it  will  be  less  soluble  :  il  must, 
however,  be  observed  that  tlie  eolubiUty  will  diminish  in  very  different 
degrees  according''  to  the  nature  of  the  acid  and  llie  baKC.  Ileiire  in  the 
decomposition  of  salts  by  double  affinity,  the  resulting  c<>miK>und8  are 
always  those  in  whose  fonnation  the  strorijfest  affinities  come  into  play ; 
and  precisely  for  this  reason,  the  same  comi>ouuds  are  those  which  have 
comjKinitively  the  least  solubility. 

Independently,  however,  of  this  influence  of  the  cohesive  force  (which 
must  not  in  any  casc;  be  estimated  too  highly),  decomjxtsitions  are  wholly 
determined  by  the  relative  streng'th  of  the  affinities.  Dtxioraposition 
invariably  takes  place  wiionever  the  Se/Mtnitimj  A/finiiics,  Affinitales  dweU 
Umles,  u  e„  the  affinities  which  tend  to  the  formation  of  new  compounds, 
are  Uigether  greater  than  the  Latent  Affinities,  Affhutates  quietcentes, 
those,  viz.,  by  which  the  old  conifMHUids  are  lielii  together.  The  result  is 
determined,  not  by  any  single  aflinity,  but  by  the  sum  of  all  the  affinities 
which  are  capable  of  bcin{if  satisfied  at  the  same  time,  J  fence  a  stronger 
affinity  may  be  overcome  by  several  weaker  affinities  which  can  be 
broufifht  to  act  t«)^ther.  For  example,  silica  cannot  l>e  deprived  of  its 
oxyiio'ii  by  heating  it  with  charcoal,  whence  it  follows  that  the  affinity  of 
oxygon  for  silicium  is  greater  than  its  affinity  for  carlMin  ;  neither  can 
chforide  of  silicium  be  fonned  and  oxygen  separated  by  heating  silica  in 
chlorine  gas ;  whence  we  may  infer  that  silicium  has  a  greater  affinity  for 
oxyg«'n  than  for  chlorine.  But  when  chlorine  gas  is  conducted  over  a 
mixture  of  silic^i  and  charcoal  heated  to  redness,  the  affinities  of  oxygen 
for  carbon  and  of  chlorine  for  sihtrium  act  sijutiltaneously,  and  these  two 
weaker  affinities  are  together  greater  than  that  of  silicitun  for  oxygen  ; 
consequently  carbonic  oxide  and  cliioride  of  siUcium  arc  produced  {Sch. 
75J 

From  this  may  be  deduced  the  cxplanati<m  of  Decnmposifinn  bif  Prr- 
di$ponng  Affinilif  {AffiniUu  pr(rdi*poneng).  If  the  affinity  between  A  and  B 
Im  groater  than  that  between  A  and  U,  it  is  still  possible  that  C 
may  dooompnso  A  B  and  form  A  C,  provideil  a  fourth  substance  D  be 
prettent,  wh«»Be  affinity  for  A  C  is  such  as  to  determine  the  fonnation  of 
that  compound.     Suppose  the  com]XJUud  A  B  to  Ik*  carbonic  acid,  C  phos- 

Shorus,  I)  soda.  Phosphorus  has  not  the  j.M.iwcr  at  any  temiwrature  of 
epriving  carbonic  acid  of  all  its  oxygen,  and  8e{>arating  the  carbon:  on 
the  oontmry,  wh<'n  phoH|)horic  acid  and  charcoal  are  nested  together, 
CarbiHii<;  oxide  and  phusphorus  are  produc<!d.  Now,  by  the  prestMtoi'  of 
•oda,  whicli  luis  a  certain  affinity  for  carbonic  acid,  but  a  much  greater 
affinity  for  phosphorii;  acid,  the  cin.'tunKtnnces  are  altererl.  If  va|K»ur  of 
phoHphoruH  In;  conducted  over  carlH>nate  of  soda  heated  to  redness  in  a 
tube,  a  bla^:k  mixture  of  charcoal  and  phosphate  of  sixla  is  produciM],  the 
action  l)eing  aceom|>anied  by  a  development  of  light  and  heat  {Sch.  2ii). 
If  we  supimw,  lor  the  sake  of  illustnilion,  that  the  affinity  of  oxygen  for 
carl^)u  =  lit,  f-ir  iiliMsphorus  =  H,  that  of  soda  for  oirUmic  at'id  =  I,  and 
for  phosphi'rie  acid  =  3,  then  the  sum  of  ihe  latent  affinities  will  bo 
JO  4-  1  =  11,  that  of  the  d«.-ei imposing  affinities  =  *J  +  S  —  12  :  cunso* 
qoefitly,  doooiapowtioa  must  take  I'luc^e.    In  this  instance  it  is  tho  pre* 


RECIPROCAL  AFFINITY. 

disposing  affiiiity  of  soda  for  phof?phoric  acid  wlncli  luinpn  about  the  for- 
mation of  tliftt  cnriipnund.  It  18  true  that  wr  hrre  take  into  fiocnimt  the 
affinity  of  a  siibstaufe  (Hodsi)  for  a  comptmiid  (pliosphorit  acrid)  which 
liefore  the  decomiwsition  takes  jjlace  haw  ni»  cxiHtt'iioe.  Hut  whrii  hmlies 
are  brought  into  intimate  contact,  all  the  forces  which  exist,  not  only  in 
themselves  but  in  all  their  jxtssible  compounds,  an^  failed  into  action  at 
the  same  time.  Without  such  a  Bnp]>ii8ilinn,  it  would  be  impossible  to 
give  a  satisfactory  explanation  of  the  decom|>r>8ition  tJf  carbonic  acid  by 
ph<JBphoruB,  and  of  many  others  of  similar  nature. 

The  same  decomp<:»sition8  always  take  place  under  similar  circum- 
stances ;  for  example,  it  never  happens  that  A  B  is  decomposed  by  C  at 
one  tinje  and  A  C  by  B  at  another;  but  with  change  of  cireumstanceB, 
such  opposite  results  of  the  conflict  of  affinities  often  show  themselves, 
constituting  the  so-called  Rfciprocal  or  Alternating  Ehrtive  Affinities, 
AJinitatts  reciprwfv.  The  circumstances  whose  alteration  may  be 
attended  with  such  changes  of  n'sult  are  the  relative  quimtities  of  the 
bodies  which  act  upon  each  other,  the  predisposing  affinity  of  the  solvent, 
and  the  presents  of  heat. 

1.  Rflalim  Quantity.  An  excess  of  one  of  the  bodies  which  act  upon 
each  other  rnay  j)roduce  an  opjiosite  result,  sometimes  by  adhesion,  somc- 
timcB  by  affinity. 

a.  JBi/  AMeAion.  When  hydrogen  gaa  is  passed  over  black  oxide  of 
iron  (FeH>*),  the  oxide  is  reduced  to  the  stat«  of  metallic  iron,  and  a 
mixture  of  vapour  nf  water  and  free  hydrogen  gas  is  disdmrged  fnmi  the 
end  of  the  tube.  But  if  vapour  of  water  be  passed  over  this  metallic  iron, 
the  metal  is  again  converted  into  black  oxide,  and  a  mixture  of  hj-drogen 

g&B  and  niidei:onij>r>sed  vapmir  of  water  issues  from  the  tidie.  Gny- 
luisac  and  Kegnatilt  (Ann.  Chim.  Phi/s.  1,  33;  G2,  372)  have  shown  that 
these  opposite  results  are  by  no  means  produced  (as  sojue  liave  supposed) 
by  differejice  of  tem|K>ra1ure,  but  that,  at  ever^'  degree  of  temiM.Tature  from 
the  dullest  to  the  brtgbt»!St  red  heat,  and  even  when  red-hot  vapour  of 
water  is  juissed  through  the  tul*,  the  action  takes  place,  sometimes  one 
way  sometimes  the  other,  according  to  the  relative-  ijuantities  of  hydmgen 
gas  and  vapiur  of  water  present.  Hydrogen  has  [icrhaps  a  greater 
affinity  for  oxygen  than  iron  has;  but  at  a  red  heat,  the  affinity  of  heat 
for  hydrogen  UkewiHe  comes  into  jilay,  so  that  an  equilibrium  takes  place, 
— and  then  the  adhesion  between  hydrogen  gas  and  vap(»ur  of  water  may 
detennine  the  prepomtorance,  If  hydrogen  gas  is  in  excess,  its  adhesion 
to  vafiour  of  w.ater  causes  formation  of  water  and  consequent  reduction  of 
iron  :  if  vaprmr  of  water  is  in  excess,  its  adhesion  to  hydrogen  gas  causes 
the  iron  tn  tlecompose  part  of  the  water,  whereby  it  becomes  oxidized  and 
lilwrates  hydrogen  gas.  In  either  case,  there  is  produced  a  mixture  of 
hydrogen  gas  and  vafxiur  of  water. — According  to  Despretz  {Ann.  Chim. 
Phtfg.  43,  222,  also  Fogg,  8,  159)  zinc,  tin,  cobalt,  and  nickel  act  in  the 
aame  manner  as  iron  ;  and  according  to  Regnanlt,  uranium  and  cadmium 
do  the  same,  although  neither  of  them  dwomposes  water  w^ith  facility. — 
Zinc,  tin,  and  inui  exhibit,  according  to  Regnault,  precisely  similar  rela- 
tions towards  carbonic  oxide  and  carbonic  acid  ;  they  oxid.ate  in  carbonic 
acid  gas  and  convtirt  it  into  carbonic  oxide  ;  and  on  the  other  hand  their 
oxides,  when  heated  in  a  stream  of  carbonic  oxide  gas,  are  rednced  to  the 
metallic  Rt.ite,  carbonic  acid  being  at  the  same  time  produced.  To 
exjilaiii  this  action,  we  must  supjKisc  adhesion  to  exist  l)Otween  carbonic 
oxide  and  carlxmic  acid  gases. — Hydrogen  gas  passed  in  great  excess 
over  protosulphide  of  tin  produces  tin  and  a  miitnro  of  hydrogen  and  aid- 
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phurettod  hydrogen  pases.  (Eisner.)  Tin  lieatod  in  sulphuretted  hydropon 
^as  prodiid's  |»rutnnnlphiilc  of  tin  and  hydrnj^'fii  fma.  ((fay-Lnssac  & 
Thenard.) — Hydropcn  pus  jiasspd  over  rcd-hf)t  chloride  of  KJlver  f»rf)diiro8 
silver  uiid  liydrfH'liloru;  acid  pas;  on  the  tJther  hand,  when  silver  is  heated 
to  redness  in  hydrocldoric  acid  pas,  chlttnde  of  silver  is  pn>dnecd  and 
hydrogen  gas  set  free  (Boussuigault,  Ann.  Chim.  Phi)n.  54,  260).  The 
disposing  cause  u\  tliis  caae  must  he  the  adhesion  l)etween  hydrochloric 
add  gas  and  hydr^gtm  ga«. — If  carlM-ynalc  uf  lime  be  heated  in  a  1uIk.>  tilt 
it  begins  to  fjivc  off  carbonic  acid  gas,  and  the  heat  bo  then  Iriwered  to 
such  a  degree  that  the  evolution  of  gas  shall  ccsvse,  it  M'ill  immediately 
reooinment!e  on  passing  vajxnir  of  water  or  crtniinon  air  through  the  tube 
(Gay-Lu8«ac  Am.  Chim.  Ph/.<i.  63,  219,  also  Ann.  P/innn,  22,  52).  In 
this  case,  the  adliesion  between  va[X)ur  of  water  or  atmospheric  air  and 
rarlK>nic  acid  gas  enables  the  affinity  of  heat  for  cjirboiiic  acid  to  overcome, 
even  at  a  reduced  tein|>erature,  the  affinity  of  lime  for  carbonic  acid.— 
While  carbonate  of  lime  gives  up  its  carlx)nic  acid  when  heated  tn  redness 
in  the  open  air,  quick  lime  on  the  otlier  hand  absorbs  carbonic  acid  in 
gHMit  abundance  when  strongly  ignited  in  an  atniospliere  of  that  gaa 
( Pctzholdt,  J^. />r.  Cfifiri.  17,  Kjt). — Carbonic  acid  gas  paswd  through  an 
aqueous  solution  of  bi-liydrosulphatc  of  jx>tash  drives  out  all  the  sul- 
j^huretted  hydnjgen  in  thi'  form  of  gas  and  forms  bicarbonate  of  jx^tash  ; 
on  the  contrary,  sulpliureltcd  hydrogen  gas  expels  carlx»nic  acid  from 
l)ioarl>onate  of  potash  and  forms  bihydrosulphute  of  jHita.sh. — MetalHc 
floorides  arc  dec^Mnj^ised  by  a<|ueous  solution  of  hydrochloric  acid,  and 
metallic  chlorides  by  aqueous  solution  of  In^drofluoric  acid.  IIydro<-hlnric 
acid  decoiuftoses  the  acetates,  and  acetic  acid  the  metallic  chlorides.  Tho 
decoiniK»Hing  acid  must  always  bo  added  in  very  great  excess,  so  that  a 
mixture  of  the  deconijuwing  and  scpanited  acids  may  l)e  evolved  in  tho 
Btate  of  gas  or  vajnour  (Cway-Lussac,  Ann.  Chim.  Phif*.  30,  291,  also 
N.  Tr.  12,  2,  200).  In  these  cases,  thei-efore,  a  certain  influence  is  always 
fxerted  by  the  mutual  adhesion  of  the  elastic  fluids,  or  a<'Cording  to 
Dalton's  theory  (page  '22)  by  the  circuniBtance  of  each  of  the  clastic  fluids 
licting  nn  a  vacuum  towards  the  other, 

b.  B>j  Ajfinitif.     If  to  an  aqueous  solution  of  2  atoms  of  sulphate  of 
Mnmouia,  potash,  or  smla  there  be  added  1  atom  of  nitric  acid  (a  larger 

'mMntity  wtiuld  remain  imcomhined)  the  smell  of  the  acid  is  completely 
OtStroyed^  and  when  'the  solution  is  left  to  evaporate  spontaneously, 
nttnite  of  auunonin,  potash,  or  s<»da  crystallizes  out,  and  the  mother-liifuid 

toMHtailW  AB  alkaline  bisulphate.    If  on  the  contrary,  to  an  aqutH:>us  solutioa  [ 
of  1  Atom  of  nitrate  of  ammrmia,  |K)taHh,  or  »«Kla  there  l»e  addtMJ  2  atoms 
of  Dtilphuric  acid,  and  hciit  applic<l  to  the  niixttu^,  the  whole  of  thr>  nitria 
acid  Q0CaiN-s  and  an  alkaline  bisulphate  remains.     One  atom  of  sulpliuridj 
9gAA  woiiid  take  up  oidy  half  th«.'  alkali  and  drive  out  only  lialf  the  nitrio  I 
•rid.  unless  the  aotii>n  were  »nsiHtj^il  by  nn  elevated  tem|)cratnr«'.     Ilrnce 
nitric  acid  takes  from  nctutrat  stdphatc  of  ammoikin,  f^otusli,  or  soda,  tho  < 
of  itH  UiHc  and  forms  a   nitrate;    the  nitrate  on  the  other  hand  is 
tnfMNM'd   by  excess  of   sulfihuric   acid.      This  may    lie  explained  ua 
jWH.     The  altove-named  alknlis  cun  combine  either  with   1   atom  of 

fval|ihuric  acid  to  fonn  nentnil  sulphates,  or  with  2  atoms  to  form  hisul* 
jihatrs:  with  nitric  acid  they  C(tmbini"  only  according  to  wpiiil  ninnl>i*n«  of* 
nti>mM.     Su|t|*)Sf  the  afhnity  of  the  alkali  to  nitric  acid  =  .•>,  to  the  ftntt ' 
ftt-om  of  sulrihuric  ai-id  =  (>,  and  that  of  the  neutral  alkaline  km'  » 

fonned  tn  tlic  mwiiuiI  atom  of  Mulphuric  acid  =  2.     If  then  nitrii  <» 

ii!.]  'i  I"  .1  iK'Utrul  alkaline  Kul|)hati',  either  ouo  Atom  of  Uie  ttulpluite  wdl 
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remain  undcc«mpoecd,  alliiiity  =  C> ;  or  it.s  alkiili  will  comliine  with  the 
nitric  acid,  aflinity  =  5,  aud  its  t!iil|tliuric  auitl  with  the  other  atom  of 
neutral  sulphate,  affinity  =  2;  the  sum  of  tlii-se  aflinilies  iK  r>  +  2  =  7, 
and  since  C  Z  7,  dccompositiou  takow  f>laa'  (>V7«.  88).  The  alkaline  hisul- 
pbate  thus  formed  is  likewise  urideeomjHtsihle  by  any  excet*s  (if  nitric  acid, 
bcCHU»e  it  is  held  ti^^'ctbcr  by  the  affinities  fi  +  2  =  8,  and  the  nitric  acid 
acts  upon  it  only  with  an  affinity  =  5.  If  therefore  on  the  other  hand 
two  atoms  of  sulphuric  acid  act  ui»on  one  atom  of  an  alkaline  nitrate,  the 
affinity  of  the  nitric  aeid  for  the  alkali,  being  =  5,  is  overcome  by  that  of 
the  2  atoms  of  sulphuric  acid  for  the  alkali,  which  =  6  +  2  =  8,  and  the 
whole  of  the  nitric  aeid  is  set  free,  while  an  alkaline  bisulphate  in  prf>diiced 
(.SV/r.  8U). — Similar  relations  are  exhibited  by  hj'droeldoric  acid  towards 
the  sulphates  of  anmionia,  potash,  and  soda,  and  by  sulphuric  acid  towards 
sal-ammoniac  and  tlie  chlorides  of  potassium  and  sodium  (Richter, 
Stochiometne,  2,  237.) 

2.  Predigposiug  ftffinitf/  of  the  wlrent.      Aqueous  acetic  acid  added   to 
carbfjuate  of  j^otash  disengages  carbonic  acid  and  forms  acetate  of  potash. 
But  if  the  solution  be  evafxirated  to  drynens,  the  remaining  acetate  of 
potash  dissolved  in  alcolml,   and  earboiuc  atud  gas  [lassed  through  the 
solution,  almoHt  all  the  potash  is  throwi?  down  in  the  fonn  of  carbonate, 
and  the  liquid  contains  acetic  acid  in  combination  with  alcolud  |Mirtly 
converted  into  acetic  ether  (Pelouze).     It  would  apjx'ar  from  this  that 
alcohol  has  a  tH^nsideralle  affinity  for  acetic  acid,  winch  aflinity  together 
with   that  of  carbonic  aciil  for  potash   overcomes  the  greater  affinity  of 
acetate  acid  for  [Hitash.      This  result  is  usuallv  explained  according  to 
lierthoUet's  theory,  the  more  ui soluble  aud  coherent  compounds  being 
Bupp<^>»ed  to  be  most  easily  fonned,  aud  accordingly  in  this  case,  the  car- 
bonate of  ]totatih  which  is  Insoluble  in  alcohol.     This  thcorv'  is  generally 
resorted  to  when  it  directly  applies  and  passed  over  in  Hilence  in  eases 
which  contradict  it.     Wliy  does  not  carbonic  acid  throw  down  carlxmato 
of  lime  from  acetate  of  Ihue  dissolved  in  water,  inasmuch  as  carlKniate  of 
lime  is  still  less  soluble  in  water  than  carbonate  of  fMttash  is  in  ateohol? 
[oreover,  according  to  Pelouze,  carbonic  acid  d«ieft  not  decorajxtse  chh>ride 
strontium,  chloride  ui  calcimn,  or  nitrate  of  cojjper  diHsolved  in  alcohol, 
although  the  carbonates  of  stronlia,  lime,  and  oxide  of  copper  are  insoluble 
in  alc<->Iiol  as  well  as  in  water.     Thiw  instance  likewise  shows  that  difficult 
solubility  and  gr<'at  cohesion  are  two  different  thingK;  otherivise carbnnate 
of  fn)ta«h  wruild  be  at  the  same  time  a  verj'  coherent  salt  (in  relation  to 
alcofiol}  and  a  very  incoherent  oire  (in  relation  to  water). — The  assertion 
of  IJerthollet  (SMitjuf  Chim,  1,  401)  that  a  nioileratidy  dilute  si)lution  of 
chloride  of  calcium  in  water,  dejHisits  sul|>hite  of  Ibne  when  niixe<l  with 
Hulphurous  aeid  ami  aftenvards  with  aleoliol,  is  one  which  I  have  not 
found  to  Ite  c<udinned.     Even  a  solution  of  chloride  of  C4vldum  in  absolute 
alcohol  is  not  rendered  turbid  by  saturation  with  HulphuroiiH  acid  gas.  (Gm.) 
A    solution   of  cidoride  of  soiliimi  and  sulpiiate  of  magnesia,  when 
evaporated  to  a  gentle  heat,  de[)OHils  both  salts  in  crystalH  without  altera- 
tion.    But  if  the  residue  be  pulverized  and  boiled  in  alcohol,  the  alcohol, 
according  to  Urotthuss  (.Scher.   N.  BL  273)  takes  up  chloride  of  magne- 
sium, and  the  residue  therefore  contains  sulphate  of  soda  (iSch,  9(>).     The 
lK>iling  must  however  be  continued  for  a  long  time,  and  the  quantity  of 
cl  ill 'ride  of  magnesium  obtained  is  very  small  (li.  K<jse)-     Suice  alcohol 
dissolves  cliloride  of  stMjium  and  Hulphate  of  magnesia  very  sparingly,  but 
chloride  of  magnesium  very  abundantly,  the  formation  of  the  last-named 
salt  may  be  due  to  the  predisposing  aflinity  of  the  alcohol  for  it ;  but  the 
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higher  temperature  pi'odaccd  by  boiling  with  alcohol  may  also  contribute 
towards  the  result. 

While  sulphate  of  soda  and  chloride  of  calcium  dissolved  in  water  are 
resolved  by  mutusd  dccouijKJsitifin  into  chloride  of  soiliuni  nriri  precipitutcd 
sulphate  of  lime,  an  aqnenus  sohition  of  common  salt  and  suljihatr  of  lime 
evaporated  to  dryness,  or  a  pulverized  mixture  of  the  two  saitfl  inuLstt-ncd 
with  a  large  quantity  of  water  and  then  ilried,  yields  ehlnrido  of  caldum 
when  digesten  in  boiling  alcvihol,  while  Bulpiiate  fif  a<xla  may  be  exlraclcd 
from  the  residue  by  water.  (Sc/t,  00,  subntitutitig  Ca  for  Mg.)  Unless 
the  mixture  of  the  two  Halts  Ix"  moistened  with  water  and  then  dried,  no 
chloride  of  calcium  will  be  extracted  from  it  by  alcohol  (DiilxTciner,  J.pr, 
Chan.  1,  112).  The  reversing  t>f  the  affinity  is  {>L'rhaps  produced  by  the 
alcohol :  |)088ibly,  however,  as  Diibereiner  supposes,  the  affinity  of  sul- 
phate of  lime  for  sulphate  of  soda  (a  combination  of  the  two  salts  r>ccur8 
in  nature,  forming  the  minenil  caVled  Glaulnirite),  may  cause  the  forma- 
tion (»f  a  small  (lUantity  <"f  the  double  salt.  By  meiting  the  two  salts 
together  in  equal  ninnberrt  of  atoms,  we  obtain  a  hard  mass,  which 
bec«:»mes  soft  and  uftcrwards  moist  by  exjtosure  to  the  air,  and  conse- 
quently contains  a  small  cpiantitv  of  chluriilo  (if  calcium.  These  two  facta 
serve  to  show  how  it  hap|K'ns  tnat,  in  analyses  of  mineral  waters,  when 
the  R'sidue  after  evajx)rati<m  is  Uiik'd  in  alcohol,  chloride  of  magneHium 
or  chloride  of  cjdcium  and  sulphate  of  soda  are  frequently  obtained,  though 
these  snbsluncL's  iind<mb1ed!y  existed  in  the  water  as  sulphate  of  lime  or 
magiiL'Hia  and  ehlnridc  of  sodium. 

if  I  fiart  of  cjvrlKinatf  of  jxilash  l«^  dissolved  in  at  l«>ast  10  parts  of 
water,  and  the  solution  shaken  up  with  hme.  the  carbonic  acid  is  taken 
up  by  the  lime:  with  4  parts  of  wuti^r,  however,  no  deeomfntsition  takes 
place :  on  the  contrary,  a  strong  solution  of  caustic  potash  takes  carlx)nic 
acid  fmtii  carbonate  of  hme  (Liebig,  Pogg.  24,  3<lo).  The  affuiity  of  jxttash 
for  carlionic  aci<l  is  probably  greater  than  that  of  lime;  but  when  the 
qtuuitily  of  water  is  increased,  the  aflniity  of  that  hquid  for  potash  |K'rha])e 
iocroaAus  more  ra|iidly  than  its  aflinity  for  carbc»nate  of  potash,  and  thus 
the  firel-mentioncd  result  is  bmught  alM)ut, 

AipiLvjus  sul|ihun.uis  acid  dissolves  iodine,  forming  a  mixture  of  8nl- 
phuric  and  hydrimlic  aeids;  but  if  the  quantity  of  water  in  the  s(»lution  bai 
diminishrri  by  rvajioration,  sul|)hurr)us  twid  is  evolved  and  hydriodic  acidJ 
containing  iodino  in  sohitimi  is  left  bidiind.  Similarly,  concentrated  sul- 1 
phuric  acid  an<i  hydriodic  acid  are  resolved  into  sulphunms  acid  and  iodine ' 
(Sch.  91).  Hence  the  affinity  of  water  for  sulphuric  and  hydriodic  acidftj 
gives  risi"  to  their  formation. 

The  following  experiment  of  Chevreul  also  shows  the  influence  of  the  I 
flolvent.     Excels  of  water  abstracts  half  the  potash  from  neutral  sti^arate 
of  ]X)ta8h,  and  forms  bi-stearate  of  potash.     Ether  dissolves  stearic  ac-id  I 
fn>m  neutral  stearate  of  j)ot«sh,  anil  sr|vnr:itrs  n  f'omiiound  of  stearic  aeJd 
with  excess  of  potash.     VVater  has  u  nion  <  s|'<  i  i.il  amnily  for  potush,  and] 
ether  for  stroric  acid. 

8.  Differmct  of  tetnperature  may  give  rise  to  n-i  i]  r  •'  >1  affinity  in  two 
way*: 

a.  At  hi^h  tem|)crhtun^fl,  the  affinity  of  heat  for  that  subfitaikce,  simple  j 
or  oompOQ&a,  which  is  most  dis{K>Hed  to  form  a  gaseous  c<r)m|x>uud  with  it*  i 
often  oonwe  into  play  and  determines  the  reeult.  Heat-,  in  such  cases,  i 
aote  like  a  fourth  iKidy  introciuced. 

Penixide  of  mangaiurse  mixed  with  hydrochloric  add  at  onlinary  or 
•H|^Lly  elevated  teuiperaturea,  gives  up  its  second  atom  of  oxygon  to  the 
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hydrogien  of  the  acid,  bo  that  water,  chlorine,  and  chlnrido  of  manguncse 
or  hydrochlorate  of  pnittixido  of  niangaiit'se  are  prorhicoiL  (Sih.  t'>4,  73.) 
If,  on  the  other  hand,  chlorine  gan  bo  oxjxiKod  (o  li^'ht  or  to  a  rod  lioat  in 
contact  witli  water,  hydrochloric  acid  is  fomicd  and  oxyg-cn  gas  evolved. 
At  one  time  therefore,  oxygen  (in  peroxide  of  itianganeHe)  tukcH  hydrop?u 
from  hydrochkiric  acid,  setting  chlorine  free;  at  another,  chlorine  takes 
liydrogen  from  water  and  evtilves  oxygen  gas.  Wc  may  with  |iniLiahility 
KuppoRc  that  the  affinity  of  oxygen  for  hydrogen  is  grf-uter  than  thut  of 
chlorine ;  on  this  hj-pothesis,  the  explanation  of  the  first  case  in  evidt^nt. 
On  the  other  hand,  heat  has  a  greater  aflinity  for  oxygen  than  f*)r  elilorinc ; 
for  chlorine  gas  has  het-n  liqueJied  ly  strong  prcHsure, — which  t*xygcn 
liaa  not.  When  therefore  heat  acts  with  great  intensity,  its  aflinity  for 
oxygen  +  that  of  cldorine  for  hydrogen  effects  the  deconiimsition  of  water. 

PotaHHium,  at  a  red  lieat,  decojnjMiKCR  black  oxide  of  iron,  forming  potash 
and  metaUic  iron  :  at  a  wiiite  heat,  on  the  contrary,  j^tash  is  decornfKwed 
by  metalUc  inm,  the  ]iroducts  being  black  oxide  of  iron  and  vajiom-  of 
potasuium.  In  this  case,  it  must  be  snpi>osed  that  the  aflinity  of  |K>tasKium 
for  oxygen  is  greater  than  that  of  iron;  nevertheless,  at  a  white  heat,  the 
affinity  of  heat  fur  potassiunj,  witii  wliich  it  Combiner  and  forma  a  vapour, 
comes  into  play  and  determines  tlie  result. 

At  a  red  heat,  potassium  deeompjBes  carltonic  oxide,  fonning  pitash 
and  eliarcoal;  at  a  Sow  white  heat,  charcoal  decomjKises  j>otas]i,  prothicing 
carbonic  oxide  gas  and  [wttassinm  vajxnir.  (Sch.  G,  mb.ifiiiifing  K  for  Zti.) 
lu  the  latter  ease,  the  weaker  aflinity  of  carhou  for  oxygen  is  assisted  by 
that  of  heat  for  carlionic  oxide  and  potassinm. 

WTien  ixjtash  (or  soda)  is  in  comhination  with  ])ho8phoric  acid,  boracic 
acid,  or  silica,  snlphuric  acid  will  separate  these  subslaiices  at  ordinary 
temperatures  andeoioliine  with  the  p<itawli  by  virtue  of  its  greater  aflinity. 
If,  on  the  contrary,  sulphate  of  [xytash  be  ignited  in  contact  with  ]ilins]»horic 
acid,  boracic  acid,  or  silica,  these  acids  will  take  hold,  of  tlic  jxitash  and 
^le|^arate  the  suljihurje  acid  in  the  state  of  vajxtnr.  In  this  c^ise,  it  is  the 
affinity  of  heat  for  the  vf>lati]e  sidphuric  act<l,  willi  which  it  fonriH  a  vaixjur, 
that  enables  the  much  weaker  affinity  of  the  above-mentioned  acids  for 
])otaHh  to  gain  tlie  nuiMtery. 

Wlien  carlNniate  of  ammonia  is  added  to  an  atjoeons  solution  f»f  nitrate 
of  hnie,  nitrate  of  animonia  and  precipitated  carbonate  of  lime  are  formed. 
But  when  a  mixture  of  nitrate  of  ammonia  iuid  carbonate  of  lime  is 
heated  above  100°  C".  carbonate  of  ammonia  vofatilixea  and  nitrate  of  hmc 
remains.  (Svh.  ii'2.)  Ilere  the  result  is  determined  by  the  afBnity  of  heat 
for  the  volatile  carbonate  of  ammonia.  Similar  relatiotis  are  exhibited 
between  carbonate  of  ammonia  and  chloride  of  calcinm  in  the  cold,  and 
between  sal-ammoniac  and  earbimatc  of  lime  at  a  higher  temix^rature. 
For  a  similar  n'ason,  borate  of  ammonia  and  common  salt  act  iiiwrn  each 
other  only  at  a  high  temperature,  evolving  sal-anunoniac  in  the  state  of 
vapour. 

To  the  same  category  may  also  he  assigned  the  following  facts,  so  far 
as  they  may  prove  to  bo  correct.  When  sulphuric  acid  acts  upon  zinc 
under  the  ordinary  pressure  of  the  atmosphere,  sulphate  of  zinc  and 
hydrogen  gas  are  evolved  (Scfi.  17) ;  but  according  lo  Habinct  {"^4  «n.  Cfit'in. 
Fhys.  37,  183;  also  Poifff.  12,  523)  this  decomp.)8ition  ceases  when  the 
procscBS  is  conductcjd  in  a  strong  copper  vessel  dosed  by  a  stop-coek,  as 
soon  as  the  disengaged  hydrogen  gas  has  attained  a  certain  pressure  ;  at 
1(1"  C,  the  decomfxisition  and  evolution  of  gas  cease  when  the  gas  presses 
with  a  force  of  13  atmospheres ;  at  25°,  when  the  pressiu'e  amounts  to  33 
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atmoephcrcB.  This  Bcems  to  show  Ihat  the  affinity  of  zinc  for  oxypnen  -f- 
thal  of  Bulphuric  acid  fur  oxide  of  zinc,  is  Iopr  than  the  affinity  of  hydrogen 
for  oxygt'n  —  that  of  Bulphuric  acid  for  water,  and  therefore  the  decom- 
position does  not  take  place  under  strong  pressure  : — hut  at  lower  pres- 
Burcs,  when  the  affinity  of  heat  for  hydiogen,  with  which  it  forms  a  pas, 
likewise  oomes  into  play,  the  action  goes  on.  On  the  contrary,  Faraday 
has  observed  (Qu.  J.  of  St\  8,  474)  that,  at  this  increased  pressure,  the 
decomposition  is  not  arrested,  but  merely  retarded,  becauso  the  efferves- 
cence ceases  and  with  it  the  motion  of  the  Uquid,  by  which  the  chemical 
action  is  materially  assisted.  I  have  also  obtained  the  following  results 
at  a  summer  heat  of  from  20°  to  30"  C.  (68"  to  86"  Fah.),  using  very  thick 
and  narrow  glass  tubes  5  inches  in  length.  On  filhng  the  tulje  |  full 
of  moderately  strong  hydrochloric  acid,  introducing  a  piece  of  zinc  just 
above  the  acid,  scaling  the  tube,  and  laying  it  in  a  horizontal  positinn, 
it  burst  after  four  hours  with  a  violent  explosion.  Now  since  a  tuln; 
of  equal  strength  is  camble  of  holding  liiiuid  carbonic  acid  at  25*  0. 
without  bursting,  and  the  elasticity  of  carbonic  acid  at  that  tempera- 
ture amounts  to  50  atniospjheres,  that  of  the  hydrogen  gas  in  the 
exiK'riraent  just  de«cril>cd  must  have  exceeded  50  atmospheres.  When 
a  similar  exjieriment  is  made  with  a  mixture  of  1  part  of  oil  of  vitriol 
and  8  of  water,  the  tube  does  not  burst,  even  when  loft  in  the  horizontal 
position  for  several  weeks  and  {ilaced  upright  every  day.  On  cutting  off 
the  end,  the  gas  escapes  with  a  alight  detonation,  witltout  bursting  the 
tube,  and  the  acid  is  found  to  be  nearly  saturated  with  zinc.  This  seems 
to  show  that  the  decom{>08itioii  is  not  arrested  by  strong  pressure,  but 
only  retarded. 

The  following  experiment  (recorded  in  BerTeliiis's  LeA$huch,  5,  9)  ia 
also  connected  with  tins  matter.  When  pieces  of  carbonate  of  lime  are 
plocx^d  in  a  strong  glass  vessel,  a  somewhat  dilute  acid  pcmred  upon  them, 
and  the  vessel  closed  air-tight,  the  solution  ceases  after  a  time,  and  the 
liuio  is  no  longer  attacked  for  whatever  length  of  time  it  may  l»e  left  in 
Uic  add ;  but  on  opening  the  vessel,  the  Ume  is  in  a  few  minutes  com- 
pk«t4rly  dissolved.  From  this  it  might  be  inferred  that  the  affinity  of 
carlMiiiic  acid  fur  Ume  is  greater  than  that  of  sulphuric  nitric,  or  hydro- 
chloric ai-id,  that  these  adds  decompose  carbonate  of  Umo  only  under 
conipttnilively  small  pressure,  when  the  action  is  assisted  by  the  affinity 
of  heat  f(»r  carUuiic  acid  with  which  it  forms  a  gas, — that  at  strong 
pressures,  on  the  contrary,  carlnjuic  acid  would  expel  these  acids  from 
their  oimbinations  with  hnie.  (Sch.  12.)  But  hydrochloric  acid  of  mode- 
rate 8tr<*ngtli  exhibits  a  different  relation  from  this,  at  least  according  to 
toy  expi^riuu'nls.  A  ipiaiitity  of  acid  like  that  above  mentioned  having 
been  acalod  up  in  a  tulx'  ti>getlier  with  an  excess  of  calcspar,  the  tube  hiid 
hoasontally,  but  turned  upright  ever^-  dav  in  order  to  renew  the  points  of 
contact,  the  liquid  was  found  after  14  days  to  In?  covered  with  a  highly 
movcaltle  tihn  of  liquid  CArlHinir  lu'.id,  2  liiifs  in  thickness.  On  cutting  off 
the  |Kiint,  llw  uf^MT  half  of  the  1t»lH>  burst  with  a  loud  rejiort,  and  the 
remaining  liquid  waa  neutral  to  litniuh-pajM'r.  This  ex]»eriment  shows 
thut  hydrochloric  add  di>eompt>8es  carbonate  of  lime,  even  imder  a  pres- 
sure at  wliich  carltofiic  acid  becom4«  liquid,  and  tliereforo  that  Uie 
affinity  nf  hydnxlUoric  acid  for  lime  is  greater  than  Uiat  of  carbonic 
ai'id. 

Lastly,  with  ntmace  to  this  nubj^n.  wo  may  mention  an  exDerunont 

of  PeUhuld  (J.pr.  CSUm.  17,  464),  ai^cording  to  which  pulveriaod  qoartx 

ftted  to  wbitoieaa  in  an  open  venwl  with  an  equal  weight  of  corbcmatc 


RECITROCAL   AFFINITY. 


of  Kmc  expels  the  carboiuo  acid^  but  produces  no  bucIi  effect  when  the 
mixture  in  hcat^'d  in  a  Btrrmg  clownl  irun  vobbpI.  In  tliis  case,  it  may 
with  preftt  pn)lial>iUty  be  supi^tsed  tliat  the  affinity  r>f  silica  for  liinc  is 
•weaker  than  that  of  carJKmic  acid,  and  that  tiie  fonnation  nf  Hihcato  of 
lime  takea  jJace  only  when  tlio  action  is  ussistud  by  tho  affinity  of  heat 
for  carbonic  acid. 

b.  In  other  cases,  difference  of  temperature  appears  U)  modify  the 
result  in  cnn8cqncnce  of  the  cohesion  (or  affinity  ?)  of  InAdies  iiKTeaHiug"  and 
diminishing  in  different  dogrees  at  lower  and  higher  toinperuturcs, — and 
here  in  particular  BerthoUetV  law  regarding  the  dccom}HiHition  of  salts 
by  double  affinity  finds  its  appih'cation. 

A  solution  of  common  Halt  antl  Hul[ihate  of  magnesia  evaporated  at 
ordinary  tcmp)era1inT'S,  or  a  little  above,  allows  both  salts  to  crystallize 
out  unaltered  (jtage  127);  but  at  O""  {.',  or  at  lower  temiieratnres,  as  was 
long  ago  observea  by  Scheele,  hydrated  sulphate  of  soda  ciyHtallizcs  out 
aua  the  solution  retains  chUtride  of  magiirHinm;  on  gently  warming  the 
whole,  common  salt  and  sulpliate  of  nmgnesia  are  again  obtained.  But 
above  50°  C.  (122°  Fah.)  the  solutitni  again  deftosits  Hulpiiatt;  of  soda, 
though  b  the  aidiydrous  state.  (H.  UoHe,  Pogif,  ;W,  18(1.)  These  results 
may  be  explained  by  the  different  8f>tubility  of  sulphate  of  noda  at  different 
temperatures:  at  0"  C.  one  part  of  sulphate  of  soda  r^tpiircH  8*2  parts  of 
wat«r  to  dissolve  it,  at  33°  tlie  wmallest  quantity,  viz.  0'33,  and  at  bO'l"  again 
0"38  parts.  Ikdow  t)°  and  aljove  50^  the  solubility  must  Ih^  ctnisiderably 
less.  Since  now,  accurdiug  to  Itcrtliolh-t'H  law,  the  least  sohihle  salt  m 
Iways  produced,  stiljiliate  of  soda  sefiarates  Iwth  U'low  O^and  alKU'edO", 
ecause  at  these  extremes  of  tem[)eratuj-e  its  solubility  is  less  than  that 
r©f  common  salt  or  sulpliutt!  of  mugiifsia;  at  medium  temixTalnres,  on 
^the  contrary',  at  which  suljiliate  of  soda  is  more  soluble  tlian  common  ault 
jr  8ulj)hate  iif  magiifsia,  these  salts  remain  ujialtereil. 

In  a  similar  manner,  sulphate  of  soda  and  chhuide  of  potasstiim  dis- 
ilved  together  in  water,  resolve  themselves,  at  ordinary  temi>erature8,  into 
Jphate  of  potash  and  cldi)ride  of  siHijuni,  whereas,  accnrding  to  Hahne- 
and  Riehter  {Sl'nch.  2,  224)  a  solution  of  the  last-named  salts 
i^.2(f  C  (  —  4°  Fall.)  deposits  sulphate  of  soda.  At  ordinary'  temix-ra- 
'fatres,  sulphate  of  potash,  at  low  teniperat urea,  sulphate  of  soda  is  the  less 
Isoluble  salt.  According  to  Constaiitini,  almn  and  common  salt  yield 
rciystids  of  Glauber's  salt  at  freezing  tcmj:>cratures,  and  actwrding  to 
KHahncmarm,  Glauljcr's  salt  crj^stullizes  at  veiy  low  temjjerataree,  even 
Jia  a  mixture  of  saturated  solutions  of  gypsiun  and  comnitui  salt. 

The  explanation  of  the  following  cases—  by  supposing  a  dispropor- 
mate  alteration  of  cohesion  to  be  produced  by  chauge  of  temperature — • 
not  quite  so  satisfactory. 

Au  a^jut'ous  solution  of  sulphate  of  lime  gives  with  chloride  of  barium 
I  precipitate  of  sulphate  of  barj-ta,  while  chloride  of  calcium  remains  in 
[Bohition.  (Sch,  52.)  If,  on  the  other  hand,  chloride  i>f  c-alcium  Ix'  fused 
ith  sulphate  of  baryta,  a  mixture  of  sulphate  of  lime  and  chloride  of 
rium  is  formed,  the  latter  of  which  may  be  removed  by  rapidly  boiling 
the  powdered  mass  in  wattjr  and  filtering;  but  by  h>ngcr  standing  under 
water,  the  whole  would  agairv  be  converted  into  sulphate  of  baryta  and 
chloride  of  ciilcium.  Does  the  affinity  of  water  fi)r  chloride  of  calcium 
Contril)ute  to  this  result? 

Sulphate  of  baiyta  is  decompo-scd,  both  by  fusion  with  carbonate  of 
Boda  and  by  boiling  witli  the  aqueous  solution  of  tliut  salt  (tiiongh  but 
imperfectly),  yielding  curboriate  of  baryta  and  sulphate  of  soda :  ou  tho 
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contrary,  as  Kolrenter  has  shown,  carbonate  nf  barj'ta  is  decomposed  by 
digi'stinii  with  sulphate  of  snda  at  nrdiuary  tennixjratiires,  the  products 
being  sulfihate  oi  baryta  and  carbonate  of  soda. 

A  dihite  sobition  of  nitrate  of  lime  remains  clear  when  mixed  with  a 
solution  of  sulphate  of  soda,  but  deposits  sulphate  of  lime  when  warmed. 
(I'ersoz.) 

A  solution  of  alum  does  not  become  turbid  when  mixed  with  very 
small  quantities  of  carbonate  of  lime  or  soda,  but  on  evaporation  at  a 
centle  heat,  yields  crystals  of  cul'ie  alum.  But  when  more  strongly 
heated,  the  solution  becmies  turbid  and  dop^wits  basic  sulphate  of  ahmiina 
which  rediBSolves  as  the  solution  cools. 

A  solution  of  jTurc  acetate  of  alumina  docs  not  become  turbid  on  heat- 
ing, but  undergoes  that  change  if  it  cnntaina  Bulphate  of  ammonia,  potash, 
Boda,  or  magnesia ;  a  fauiti-r  turJtidity  is  produced  by  the  addition  of 
nitrate  of  p-)ta8h,  none  by  the  adttitioii  of  nitrate  or  acetate  of  bai 
chloride  of  calcium,  or  acetate  of  lead.  The  precipitate,  which  oinsisi 
hydrate  of  alumina,  disapix-arH  when  the  Holution  is  cookvl,  and  apji 
iigain  on  heating.  (Gay-LusKac,  Ann.  Chim.  74,  193,  also  Schw.  5, 
further,  Ann.  Chim.  Pbi/i  6,  201,  also  Schw.  21,  91?.) 

HerHulpliate  of  irf»n  mixed  with  acetate  of  jxitash  .deposits  hydratcd 
jicroxide  of  iron  on  Ijoiling. 

An  aqu«»ous  mixture  »>f  borate  of  soda  and  sulphate  of  magnesia  yields, 
on  a|)(4ieation  of  heat,  a  precipitate  of  b<.irate  of  magnesia,  which  however 
disappears  each  time  on  cooling. 

Aletiillie"  hIImt  takert  oxygen  from  persulfihnte  of  iron  disHolvcd  iu 
water,  when  lioiled  in  the  li(|uid,  so  that  a  solutitui  is  formed  containing- 
8\dphate  of  silver  and  protosuJpliate  of  iron ;  but  on  cooling,  all  the  silver 
is  reprecipitatcd  in  the  metallic  state,  and  the  solution  once  more  contains 
sulphate  of  peroxide  of  iron.     {Sch.  94.) 

In  many  other  cases,  the  occorrencc  of  reciprocal  affinity  is  ooly 
apparent. 

When  ammonia  is  added  to  neutral  sulphate  (nitrate  or  hydrochloratc) 
of  magnesia,  it  is  taken  up  and  magnesia  precipitated  ;  on  the  other  haitd, 
magnesia  expt'Is  ammonia  from  the  neutral  sulphate  (nitrate  or  hy<lro- 
vhltrrnte)  of  ammonia  and  in  itself  dissolved.  In  both  ciiftt's,  however,  the 
deci^^imiMiHJlion  is  only  half  com |>lete,  in  whattiver  excess  the  ammonia  or 
magnesia  may  l>e  added.  In  the  lii-st  case,  half  of  the  sulphate  of  mag- 
nesia romains  uiidee^ imposed,  and  unites  with  the  Hulphatc  of  ammonia  ui 
the  form  of  a  double  «all  (^xwituining  2  atctms  of  .sulphuric  acid,  1  atom  nf 
aiumonia.  and  1  atom  of  magneHia ;  in  tlie  second,  lialf  of  the  anunoniacal 
unit  n-uiuins  utidecomj^iOMed,  and  forms  the  same  double  salt  with  tho 
sulphate  <^>f  magnesia  {•ri^huM'il.     {Sch.  9.5  and  96.) 

Nitric  acid  added  to  ehloride  of  p>tnHsium  forms  nitrate  of  potash, 
and  sets  hydro<"hlorio  acid  free;  on  tin?  otlier  hand,  nitrate  of  potash  is 
Converted  l>y  excess  of  hydrochloric  acid  into  ehloride  of  ^xjtassium.  The 
aflitiity  of  |iotaHt«iiun  for  oxygen  +  that  of  ehlorinc  for  hy<lrogen  +  that 
of  nitric  acid  for  jiotash  is  nnd<iq!)tedly  greater  than  the  affinity  of  potas- 
sium for  chlorine  +  that  of  hydrog*Mi  for  oxygen  ;  luid  thus  the  first  caso 
cxi>lainri  it»M'lf.  {Sch,  97.)  If.  on  the  contrary,  nitrate  of  |M>ta>ih  is  to  be 
converted  by  hydrochloric  acid  int«^>  chloride  of  potassium,  a  great  exwsa 
of  the  uetd  numt  Ix'  um-d  and  heat  be  applied:  moreover  the  excess  of 
hydnN-hloric  ai^id  d(Ht<  not  ex|iel  the  nitric  aciil  in  it«  unaltered  state,  but 
tho  two  toerether  are  resolved  into  hyjKinitric  iicid  (N(-)*i,  rhiorine,  and 
wat«r.  {Sch.  08.)    Thus  it  is  not  niUio  acid  but  thu  much  weaker  hy]x>. 
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acid,  tliat  is  driven  out  l»y  tiio  liydrwliluric  acid.    Nitric  acid  sopuralt's 
bilious  acid  from  an  arjucous  8(h]iili(»ri  of  aiKfiiitc  <jf  jxitash ;  but  when 
ktc  of  fiotawli  is  ignited  in  ciHitact  witli  arsoninus  acid,  nitrous  acid  is 
[lived  aud  arseniatc  uf  potash  foruit'd.     In  tliis  cane,  tljo  strongtH"  nitric 
IS  converted  by  Iowa  of  oxygfii  into  the  weaker  nitrous  acid,  while  on 
ic  c^ntrarjs  the  weaker  arsenious  acid  is  by  access  of  oxygen  converted 
»to    the   stronger  arBenic    acid.      Tlie   aiTiuity   of    arsenious    acid    for 
I  +  that  of  arsenic  acid  for  jx)tasli  overcomes  the  affinity  of  nitrous 
id  for  oxygen  +  tliat  of  nitric  acid  for  potaHli.  (.SVA.  1)9.) 
The   existence  of  recipmcal  affinity  has  also   been  inferred  from   tho 
fact  that  certain  salts,  which,  when  (hssitlved  in  a  small  riuantity  *»f  water, 
inifHtse  one  another  by  double  aflitiity,  pnuUieing  a  i)recipitute  of  a 
iflicultly  soluble    salt,    gi%'e    no    precipitate  in  more  dihite   HohitionH,— 
hough  the  quantity  of  water  present  would  not  be  Hufticieiit  to  hold  in 
iluliou  the  less  sohible  salt  which  may  be  produced  by  the  decomfjosition, 
it  existed  in  the  Boparate  Htatc.     For  example,  Bulphate  of  lime  requires 
llnjut  4UU  parts  of  water  to  dissolve  it,  but  chloride  of  ealcinm,  disBoJved 
about  2CHI  parts  of  water  (which  would  produce  more  tlian  an  vqual 
itity  of  sulphate  of  lime)  gives  no  precipitate  witli  sul]»hftte  of  potash. 
Lauy   chemists   conclude   from    this    tliat   when   this   large  quantity  of 
iTxrater  is  present,  the  chloride  of   calcium  is  not  decomposeil  by  the  sid- 
jhate  of  potasli,  since  if  sulphate  of  lime  were  formed,  more  than  half  of 
would  be  precipitated.     But  it  is  simpler  to  suppose  that  tlic  formation 
>f  sulphate  of  liino  takes  place  even  iit  this  case,  but  tliat  the  presence  of 
chloride  of  potassium,  which  is  formed  at  the  same  time,  renders  it 
lore  soluble  than  it  otherwise  wouhl  be.     Similarly,  it  was  long  sinco 
observed  by  Gtiyton-Morveau  that  lime-water  rendered  turbid  by  jtassing 
irlMnic   acid   gas   through   it  liccomes  clear  again  on   the   audition  of 
P'fiulphate  of  potash  or  cldoride  of  potassium,  us  if  the  presence  of  tliese 
I  Halts  rendered  the  carbonate  of  lime  more  soluble :  and  Knrntvn  {Sc/trijt, 
id.  Berl.  Akad.,   1841)  has  shown  thai  many  easily  soluble  salts  are  ren- 
dered more  soluble  by  the  addition  of  other  salts.     These  mutual  aftinttiea 
'of  salts,  and  the  greater  solubility  in  water  thcrcliy  produced,  explain 
!  the  occuiTence  of  carbonate  and  sulphate  of  lime,  carbonate  of  magnesta, 
in  minend  waters,  in  quantities  greater  than  pure  water  could  ihs- 
slve ;    so  that  this  phenomenon  l>y  no  means   renders  it  necessary  to 
suppose  that  such  waters  contain  salts  which  are  iucomjKitible  witli  eai'h 
her  i'.  c,  which  at  the  given  teniix-rature  would  decompose  one  another 
[and  form  a  precipitate,  if  the  quantity  of  water  present  were  smaller. 
'Comp.   lierthoUet  {Jitatifpte  Cldm.^   1,   103,  and  129);    Bnuides  (*S'cA(r.  43i 
153  ;  4C,  433.) 

Many  other  facts  relating  to  the  theory  of  reciproc4il  aflBnity  but 

,  requiring  nwrc  accurate  investigation  may  be  found  in  Scheele  {Oj/tjsc.  1, 

123);  Grotthuas  {Scha:  N.  Bl.  21b) ;  N.  Fischer  {Pofju.  7,  2G3);  Berthollet 

'  tatiqrte  Chim,  1,  81,  9i»,  1(»0,  4t)l)  and  Dubng  (Ann.  Chim.  82,  273,  also 

ckw.  5,  369).     in  the  ex|K?riraents  of  the  last-named  pliilosopln-r  on  tlio 

[decomjKisition   of   insoluble    by  soluble   salts,  variation    of  temi>eratnre, 

"which  might  have  produced  opposite  results,  does  not  seem  to  have  bceu 

Buffideutly  attended  to. 


I 


2.  Ctrcumstancea  and  Results  of  Becojf^osition, 


a.  CHiange  of  temperature.     Since  heat  is    generally  set  free   in   the 
combination  of  bodies,  an  equal  quantity  of  heat  must  also  become  latent 
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ftt  thrir  deornnpriAition.  Nevertheless  most  decompoBitionH  are  aooom- 
paried  l»y  rise  of  temperature,  Boiuetinics  amounting  to  the  most  vivid 
CBaJbostiou.     With  reference  to  this  matter,  the  folluwing  cases  must  bu 

c  When  iM«n)xide  of  hydrogen  is  decomposed  by  heat,  or  by  the 
OMrteCt  of  puK-eria'd  bodieH,  into  water  and  osypen  gas,  a  great  deal  of 
Ittal  and  even  light  iff  develnfved,  notwithstanding  that  a  considerable 
^pMrtitj  onni  bu  rendered  latent  in  the  fomiation  of  the  gas.  This 
fCnuvkaUo  IMrtatiee  leads  us  to  Kup|*o3e  that  in  the  fonnation  of  this  very 
Vjraw^ly  urited  oomponnd.  Iieiit  is  not  set  free  but  rciKlered  latent,  that  in 
tmet  {/xygetk  gM  -f-  heat  entera  into  ajmbinatiun  with  the  water. — A 
emaCHation  may  exist  in  certain  metallic  bromatcs,  which  when 
tn  reaolYcd,  with  sudden  incaudesoence,  into  a  metallic  bromide 


fi.  Wncn  bodies  aciMirat^*  in  the  solid  form  from  their  solution  in  a  liquid 
ermfmf  b  omuieqiieDce  of  their  a>heKion  being  mcreascd  by  cooling,  n 
devcwpnkmt  of  heat  takes  place,  tlic  Iteat  of  fluidity  which  the  bodice  had 
fnrrtavAy  alMKirbed  in  the  act  of  solution  ]>eing  set  free. 

y^  IfovideonmtioMilionH  take  place  in  eoiiseqitence  of  weaker  affinities 
bthUf  trfttomae  by  Ktrongt-r  ones.  Now  even  if  heat  be  rendered  latent 
|nr  Im  dMrtmrtion  «jf  the  comrxmnrlH  produced  by  the  weaker  quiescent 
MbMsSt  a  >«till  grt'ater  quantity  riniHt  nevertheless  }ye  set  free  in  oonse- 
MtUtet  tft  Uw  ocutnUization  of  die  Htrong(>r  deconipiaing  affinitieH,  and 
QmiIm  of  tomperatnre  utlcndlttg  tlie  d<'i-unqK)isition  marks  the  difference 
IflVMO  IImn*  two  quantities  of  heat. — If  A  develo])e  a  quantity  of  heat 
m  t  ht  ffaMabig  with  K,  and  s=  8  in  combining  with  C,  then  in  the 
4l0Olil^^0litkm  of  A  H  and  formation  of  A  0,  a  quantity  of  heat  must  be 
AfVUlopudss  8  — Ze  1. 

Jjgwtrktg  "/  Tfwttrraturf  takr-M  pliic*?  when  gaseous  products  of  decom- 
MtfillMI  UO  <ivolvi<|  from  milid  or  lii|ind  e(>ni|Miimi]s,  and  the  ab8orf>tton  of 
Mil  ihtnUiy  proilmvd  is  not  e«im]H>iiHutr'd  by  a  development  of  beat 
fiMiMnir  fr^'trt  the  rnrmatirtn  of  new  rMinjuinndH. — The  escajK?  of  carbonic 


liar((i>d  with  it,  on  diminishing  the  pressure,  is  aooom- 
M  of  tem|>eratiire;  on  the  contrary,  whei»  this  ga»  is 
!i  noUition  of  rarlxtnnto  of  snda  by  the  addition  of  sol* 
111  r\m'  of  t<*m{MTutur(>  is  prtxluoxid. 

Mieut  of  Eloctricity  by  chemical   decomposition,  vid. 


■ddfrn 
panfed 
dhmgn 
ubiiHr  :i' 
[fh.   th. 

.E&f/nin/y.] 

b.  The  lime  in  which  d<'cx)m|¥»«ltion  takes  i>lace  defiends  chiefly  on  the 
circnmNtunceH  nolif<'d  tm  fmgi;  H'J.  If  one  of  the  products  of  decoropo- 
ntiou  is  gHscfiUH  and  has  to  make  its  eHcafio  from  a  U(iuid,  the  deootupo- 
tithn  is  accelerate*!  by  the  presence  «if  angtdnr  lio<hes. 

c.  Qu«UitahW  altrratinn.  Every  deooinpositinn  results  in  the  production 
of  at  Icimt  two  heterogeneous  sulistjin<*4>s  or  firmlucts  of  decompf>siti<Tn, 
whi<'h  nittv  1h'  either  solid.  liquid,  or  gaseous,  and— Sf.t  long  as  they  do  not 
•e|»nite  liy  virtue  of  their  different  specific  gravities — {iroduoe  a  cloudy, 
opaque  mixture. 

If  thi'  deconqxisition  is  nttendetl  with  the  fonnation  of  g^asooss  |iro> 
dads,  efferveticeiice  and  cxiilosion  may  onKtie. — Efftrvemxnot  or  Jhotkmg  is 
~^ — ' — 4  wb«n  a  gaseous  body  is  continuidiv  develojx-il  and  nses  up  in 
I  dating  Iha  dsooBpositJan  of  a  liquiJ  -, — CarUumte  of  potash  aud 
add. 


,  Dfioft^tion  (or  Pufing,  when  the  noiso  is  fainter)  a  giMoos 
flf  de<viin|xisHkm  <ur  mrmuX)   is   separatod   almost  iiutastly 
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from  &  solid  («.  g.  fulniinating  silver),  a  liquid  (ehloride  of  nitrogen)  or  a 
gao  (oxide  of  chlorine) — and  in  endfavnuring'  to  expand  itself  into  tbe 
much  larger  volume  eoiTeHjxniding  to  its  eluHticity  (often  greatly  increased 
by  rise  of  tempt-rature)  f(»rdljly  presses  I).ick  the  air  and  other  objects, 
producing  detonation  and  breaking  thenolid  Iwdies  in  itn  neighbnuriiood. — 
Even  gaseous  comjK.)uiidH,  such  as  oxide  of  chlorine,  may  be  deconifiosed 
with  explosion,  if  the  separated  elements,  such  as  chhnine,  and  oxyr-t^ti 
eases,  take  up  a  larffcr  volume  than  that  tteeuiiied  by  the  roiniMnuHl. — 
The  production  of  light  which  acconijmnies  so  many  of  these  explosiuns 
often  proceeds  from  this  circumstance,— tJjat  gi-eat  lieat  is  dt'vektped  in 
the  decomiweitioii,  in  consequence  oi  tbe  fr/iniatioji  of  more  intimate  corn- 
pounds,  as  m  the  exfilosion  of  gunpowder,  detonating  powder,  «iiic.,  and 
tliis  higher  temfierature  imparts  to  tbe  gases  and  vapours  at  the^  moment 
of  their  production,  a  proportionateiy  increased  elasticity,  and  thereby 
Btrengtheus  the  explosion.  In  the  decomposition  of  oxide  of  chtoriue, 
chloride  of  nitrogen,  iodide  of  nitrf>gen,  &e.,  which  appears  not  to  bo 
attended  with  a  rise  of  temjx>rature  amounting  to  ignition,  the  develop- 
ment of  Ught  may  perhaps  be  explained  by  the  violent  comjiressiiMi  of  tlie 
air  around  the  eX[iloditig  body, — The  theory  of  the  detonation  of  an 
explosive  mixture  proixtunded  by  Brianchon  {Bibl.  univ.  28,  893)  has 
been  shown  by  Gay-Lussac  {Ann.  Chim.  Phi/n.  29,  53)  to  be  untenable*. 
R.  Bbttger  has  also  shown  {Ann.  Pkarm.  29,  75)  that  the  explosive  force 
of  fulminating  silver  is  equally  strong  in  all  directions. 

Wlien  several  liquid  products  result  from  a  decomposition,  they  form  a 
turbid  mixture,  until  they  Itave  taken  up  tbe  determinate  relative  jiositions 
corresponding  to  their  differeut  sixniific  gravities  : — Volatile  oil  dissolved 
in  alcohol  with  water. 

When,  in  tlie  {leomiposition  of  a  liquid  or  gaseous  body,  solid  prodvets 
are  formed  and  sink  to  the  bottom  in  consequence  of  their  greater  HprH.ific 
gravity,  they  are  called  l^et-ipitutes,  and  a  decomposition  of  this  kind  is 
called  PrecijiHation, — Spontaneous  Precipitation  {Pfucijiifrttio  f^ptmtdneu)  wla-n 
the  separation  of  the  solid  body  takes  jilace  merely  from  change  of  tem- 
perature (page  113); — Fotved  Precipitation  {Pi'irt:ipila(io  coacifi)  when  it  is 
brought  about  by  tlie  ad(iition  of  another  jiomlerublc  body,  the  Precipitant 
(Pi'mipitans).  If  the  solid  product  of  decomposition  is  specifically  lighter 
than  the  liquid,  it  is  separated  as  a  Scum  (Cremor). — The  jirccipitatc  and 
the  scum  maj'  be  cither  educts  or  products. — Lime  pri-eipitatcrl  from  lime- 
water  by  alcohol  is  an  eductj  oxalate  of  lime  precipitated  from  lime-water 
by  oxalic  acid  is  a  ]>roduct. 

The  atoms  of  the  solid  product  of  decomposition  unite  themselvefl  at 
the  moment  of  their  separation  or  formation  into  larger  masses,  wliich 
however  possess  various  magnitudes  and  forms,  depcn<ling  chiefly  on  the 
nature  of  the  Iwdies,  so  that,  to  a  certain  extent,  the  nature  of  the  precipi- 
tate may  he  infeircd  from  its  ontwurd  afipearance:  considerable  iutluence 
)8  however  exerted  by  the  time  in  which  the  precipitation  takes  place  and 
the  degree  of  dilution  of  the  liquid.  Tbe  following  forms  of  precipitates 
may  be  particularly  disthiguished, — and  of  these  the  first  two  must  be 
regarded  as  anarj)hous,  the  others  as  cr^'stalline :  Flncculfnt ;  aggrega- 
tiou  in  large,  loose,  threadhke  masses:  alumina,  hydrated  jveroxide  of 
iron,  phosphate  of  lime. —  Curdy  ;  in  this  form,  the  masses  are  still  larger 
and  more  dense  and  solid,  but  still  uncrj-stallinc :  chloride  of  silver  as  it 
J8  precipitated  from  solutions  of  silver-salts  by  hydrochliiric  acid ;  casein 
as  precipitated  from  milk  hy  an  add. — Pidvervlent ;  the  atoms  are  united 
in  small,  imperfectly  crystalliae  masses :  sulphate  of  baryta  as  precipitated 
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by  sulphuric  acid  from  salutions  of  baryta-salta ;  silver  a«  precipitated  by 
protf)-gulpliat<.'  of  iron  from  nitrate  of  silver. — Grmmlar ;  coarsely  pnlvo- 
ruh'uf,  inasHos  huv"injc  a  uiuro  distinct  crystallijiu  cluiriietcr :  Kuifihate  of 
p^itush  at;  precipitated  by  sulphuric  acid  froiiiaquedus  solution  of  curlKiuatc 
of  potanL — Arht}rt9caU  ;  the  uiiimt  of  a  j^reat  uuiubor  uf  iudividuul  cryetala 
into  lar^r  ramiiicd  tnaseee :  metallic  trees, 

V.  Magnitude  or  Strength  of  Affinity- 
There  inUKt   exist  a  relation   exprensible    in   nunihers   Ix'tweeti   the 
mapnitudc  of  chemical  aflinities  and  tliotjc  of  other  natural  forces,  such  as 
gravitation,  adhcHion,  or  cohetitiou. 

Alimlute  uttruffth  of  affinity. — A  sohition  of  nitn^  sattirated  while  warm 
de|tL>Kil«  part  of  the  nitre  at  0°  on  account  of  increasing  eohcsion.  Now 
supponin^  we  were  to  determine  what  su»iM.'nded  weight  would  be 
rctiuired  to  break  a  crystal  of  nitre  of  a  given  thicknesH  at  0° ;  then  this 
weight  would  express  the  affinity  of  the  water  satui-ated  with  iiitru  at  U" 
for  more  nitre  ;  for  after  the  crj'stallization  at  0"  has  ceased,  this  aflinity 
IH  in  equilibrio  with  the  cohesion.  A  sitnilar  prixu'ss  might  l»e  adopted 
with  other  budicH  soluble  in  water,  the  cohesion  Ix'iiig  ulwa^'s  determined 
with  reference  t^j  a  crj'stal  of  given  thickness.  On  the  same  principle 
Lavoisier  and  Laplace  ])ropa8cd  to  bring  an  acid  of  various  degrees  of 
strength  inti)  contact  with  ice  at  different  teTnfK>r:itiires  below  0°,  and  to 
cii'piin'  at  what  degree  of  cold  and  at  what  dilntinn  the  acid  ceased  to 
cxeri  any  solvent  power  on  the  ice,  and  consetjuently  its  aflinity  for  the 
ice  became  exactly  e<iual  in  fi»rce  to  the  cohesion  of  that  substance — and 
thtisto  reduce  the  affinity  of  the  acid,  for  the  ice  at  different  states  of  ctm- 
oentiution,  to  degrees  of  the  thermometer.  A  similar  method  might  be 
adopted  with  various  salts  and  ice  :  since  for  exam[)le  c<*mmon  salt  ceases 
to  act  on  ice  at  — 20"  C,  but  chloride  of  culcimn  lujt  till  — 00',  the 
aflinity  of  the  latter  for  water  must  be  much  greater  than  that  of  the 
fi  inner.  lint  tlieso  methods  unly  enable  ms  to  detennine  the  weights  or 
degrwH  uf  teni|)erature  by  which  the  weakest  and  least  im|Mirtuut  affinities 
may  Isr  expressed.  M\  amnities  which  have  any  amsidcrablc  value  exceed 
the  fiirc<*  of  cohesion  to  such  a  degree,  that  comparison  between  the  two 
]KiWiri-H  lH"come«  Jmj»oflnil)k% 

For  the  preMnt  we  must  content  ourselves  with  an  approximate  deter- 
mination  of  nlatieestreiwlli  of  nffimtif,  i.e.,  of  the  profKirtion  which  indi- 
viihtal  miigiiitudert  of  aflmity  Ix'ar  to  ene  anotlicr  without  reference  lo 
other  natund  forces.  Perhaii*  we  shall  fuime  day  lie  able  to  affix  a  certain 
relative  numlx'r  lu  each  |>arttcuhir  magtn'liide  of  affinity:  at  prt^scnt,  how- 
ever, we  are  conl<<nt4"d  if  we  can  dt<ti'rmin<>,  witlj  stime  degree  t»f  certainty, 
in  what  order  the  affinities  of  different  bodies  ft>r  a  given  body  succx'ed  ono 
another  with  regard  to  their  strength. 

Is  the  affinity  l.ietw«H?n  two  Ixxlies  iliffereiit  at  different  teniiK'ratures T 
Just  ««  heat  weakens  cohesion  by  striving  to  increase  tlie  distanoQ 
between  hotnogeueous  atoms,  so  likuwise  may  it  diminish  the  strength  of 
affinity  by  increasing  the  distance  iK'tween  lieterogtMieous  atoms.  It 
a)i{H>urM,  however,  that  as  long  as  the  wtion  of  heat  doi-s  not  go  so  far 
am  lo  form  a  gaweouH  c<>in|)ound  with  one  of  the  Ixnlies, — in  wliich 
Cftse  it  Would  act  like  a  ihinl  |M»nileruble  Unly  in  undoing  the  com- 
bination,—it  d<ws  not  weaken  (*heinical  attnu'tion,  firobably  l>ecans«', 
in  a  combination  of  two  jionderablu  bodies,  it  tenils  to  increiise  tho 
dletaooo  of  the  comjNJunU  atoms  only,  nut  of  the  siiuple  ones  by  whoMO 
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union  the  compf»and  atoms  art>  formrd.  On  the  otlicr  hand,  it  mifrlit  be 
inferred,  from  the  pherimiipiia  moutioned  on  page  3G  D,  that  elevation  of 
temjKTature  iucreases  the  strength  nf  iiHinity-  Wlieti,  fnr  exanijilcj  mil- 
phnr  combines  with  carl>f)n  at  a  red  heut,  we  might  suppose  tluit  the 
affinity  t>etween  the  two  bodies  is  called  into  aetioii  by  this  t<iinf»^'i-ature, 
or  at  least  heif^htened  in  kucIi  a  degree  us  to  he  alile  to  ovorcorne  the 
cohesion  of  carin^n  ;  but  in  that  case  the  snlphidc  of  earbon  ought,  on 
c»oling,  when  the  aflinity  is  again  diminis3hei!  or  unnihilatcil.  and  tlie  eolic- 
sion  of  tlie  curlK>n  increased,  to  be  again  resi>lved  inti*  its  eh-nients,  Such, 
however,  is  not  the  case,  either  with  tliis  or  with  any  otlier  f*!'  the  nioro 
intimate  cou)fM)mids,  and  therefore  the  alihiity  Iwtwwn  such  bodk-H  exists 
even  in  the  cold, — and  heat  does  not  (!eveluj)e  aflinity  in  the  first  iriKtance, 
but  favours  the  exertion  of  it  in  a  manner  niit  hitherto  explairieil.  At 
present,  therefore,  there  in  no  gininni  for  HUp[Mwiiig  that  the  alhnity  be- 
tween two  bodies  is  different  at  different  temjieralnreK.  If,  indeed,  we 
wi.iuld  explain  Bertliollel'«  law  of  dcnible  aflinily,  not  by  tlie  intlnence  of 
cohesion,  but  on  the  BUfiiMiBition  that  out  of  a  number  of  iMissiblo  eom- 

Eoimds  those  actually  formed  are  always  the  most  intimate,  and  have 
kewise  tlie  smalleHt  relative  solubility  (page  125),  it  might,  perhaps,  bo 
necessary  to  usKume,  with  refereuce  t<.)  the  reeiprotud  affiriity  between  com- 
mon salt  and  sulphate  nf  magnesia,  for  example  (page  127),  that  the  cuag- 
lutudes  of  the  affinities  are  <hffereiit  at  different  teiujjeraturea, 

Tlie  fojlovving  are  the  jirincipal  methods  which  have  been  adopted  for 
the  determination  nf  tvlative  magnitudes  of  aflinity. 

A.  Difi'erenee  of  magnitude  or  strength  of  affinity  is  determined  by 
the  residts  of  c^udliot  or  <>j)pr)sition  of  affinities,  on  the  principle  that  the 
decomposing  must  be  stronger  than  the  existing  or  quiescent  affinities. 

a.  Decompositions  /«  M-7;if.7/  the  Affinitii  of  Heat  contributes  to  the  Result, 

Many  combinations  of  [X)nderable  substances  are  decomposed  by  ele- 
vation of  temperature,  one  of  the  fHimhTalile  elements  eoiiiltining  with 
heat  and  forming  a  gaHeous  coni|iound.  The  affinity  fif  heat  for  ponder- 
able bodit'S  must  lie  su|)j>o8ed  to  increase  with  the  (quantity  in  which  it  is 
accumulated,  and  therefore  with  the  temj)erature ;  consequently,  the  tem- 
perature required  to  deconqMise  a  comiwund  of  a  less  volatile  with  a  more 
Volatile  }>i)dy  will  increasu  with  the  affinity  bi-twtH-n  the  t\V(».  According 
to  this,  the  strength  or  magnitude  of  the  affinity  may  iterhajis  l.>e  found 
from  the  tera]>eralure  required  to  effect  the  decomposition  ; — the  boiling 
jxiint  of  the  more  volatile  element  must,  however,  be  likewise  taken  into 
consideration. 

Iron  pyrites,  FeS*,  when  raised  to  a  moderate  red  heat,  which  may 
be  estimated  at  about  SUU"  C,  gives  off  vapour  of  sulphur  and  is  Cini- 
verted  itdo  Fe'  S*j  at  a  stronger  red  heat  (|)erhaps  =  ftOO'"),  a  still  greater 
quantity  of  sulj^hur  8uhlimeB,'and  FeS  remains  belihuh  Taking  Dumas' 
detennination  rif  the  b(»iling  piint  of  suljihur,  viz.,  440",  and  stipfwsing 
the  Idglier  degrecH  of  tem(M.'rature  (a  more  aocunito  deterniuiation  of 
wliieh  would,  however,  he  desirable)  to  he  correct,  the  aflinity  of  FeS 
for  the  ((uantity  of  sulphur  rcqiiireil  to  produce  I'VS*,  maybe  expressed 
by  800 — 440  =  3(10,  and  that  of  Fe'S'  for  as  much  sidfilnu-  as  will  pro- 
duce FeS\  by  .^OO — 440  =  fiO.  Sulphide  of  gold,  AuS*,  jwirts  with  all 
its  sulphur,  ]»erhaps  at  alxtut  4.'j0°;  if  so,  the  afUnity  of  gold  for  8nl|>bur 
will  be  expresst'd  by  460  —  440  =  10.  Jiut  few  of  the  other  metaUic 
gulithides  are  decomiwsed  hy  heat ;  whence  we  may  conclude  that  the 
K  number  which  would  expresa  the  affinity  of  these  metala  for  sulphur  is 
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gpreftter  than  the  numlKjr  of  dcgreos  of  temporaturo  which  the  sulphides 
can  l)ear  withotjt  ch'C(")nip<i9ition,"muiii«  440°.  Iti  a  fiimilar  tti.innor,  might  1m3 
dctcrmineii  the  affinity  of  iodine,  bromine,  and  chlorine  for  the  few  mctalH 
from  which  they  can  he  separated  by  heat,  provided  the  tem|>erature«  at 
which  the  decompositions  tjikc  plaei.^  conhj  be  more  awurately  determined  : 
BO  hkewise  mig-ht  l>e  estimated  the  affinity  of  mercury  and  argenic  for 
certain  other  metais^  that  of  ammonia  for  the  more  tixcd  acids,  sucli  as  tho^^^ 
boracic  and  phuHphoric  acids,  and  tiiat  of  carbonic  acid  for  mo^t  8ahHabl|^^| 
baaea.  The  greut*?r  nnmln'r  of  bases  i>art  with  their  combined  carboni^^« 
Mad  at  a  low  red  heat,  lime  at  a  Roinewhat  liij^lier  tem|x^'rature,  strontia 
ftt  a  still  higher,  baryta  only  in  the  Rtnmgest  wind-  furnace,  potash  and 
■oda  not  at  alL  Accordingly,  the  last  two  base8  must  have  the  strongest 
ikfRnity  for  carbonic  a<Md;  and  tlie  fact  of  lime,  baryta,  and  Btrontia 
taking  carbonic  acid  from  them  when  a  consideralile  quantity  of  water  la 
prencnt,  must  be  ex|)lained  by  the  greater  aflinity  of  water  for  caustic 
potash  and  soda  (page  128).  Nitrate  of  copper  is  decomposed  at  a  lower 
beat  than  nitrate  of  silver,  whence  it  follows  that  tlie  latter  oxide  has  tho 
greater  atlinity  for  nitric  acid.  Lastly,  since  many  oxiiiized  eompjinids, 
Buch  a«  peroxide  of  manganese,  chromic  acid,  antimonic  acid,  and  arsenic 
acid,  give  up  part  of  their  oxygen  at  a  high  temiXTature,  and  the  noble 
metals  give  up  the  whole  of  it,  and  since  the  comjKjunds  of  hydrogen  with 
carbon,  phosphorus,  and  8ul|ihur,  and  those  of  nitrogen  with  chlorine  and 
iodine  are  decomposed  at  various  tem|H'rature8, — the  siftinities  by  which 
these  comjjounds  are  held  together  may  be  at  least  comj>arativoly  deter- 
miood ; — but  no  exact  numlx'rs  can  be  assigned  to  them,  becaiase  the  boil- 
big  points  of  oxygvn,  hydrogen,  and  nitrogein  are  unknown.  Tliia  method 
of  determining  ruagnitudes  of  aflinity  deserves  closer  examination. 

h.  Decompoeitiont  in  which  PondtrahU  Bodita  are  aloM  concertud. 

By  Simple  Affimty.  If  we  find  that  the  compoimd  A  B  is  decom- 
by  C,  with  fonnation  of  A.  C,  and  that  similarly  the  (x»nij>iund  A  <J 
dMOBifiosed  b^  D,  with  formation  of  A  D,  &c.,  we  ct^nchide  that  \  has 
Ite  gMfttest  afiinity  for  D,  the  next  for  C,  and  the  sumllcst  for  H.  In 
,<IMi  IMnnor,  A  may  be  tested  with  respect  to  all  the  aubatanees  with 
nUdl  H  cun  Combine.  If,  then,  we  place  A  at  the  bead,  and  lielow  it 
all  tin*  suttstances  capable  of  uniting  with  it,  in  the  order  in  which  their 
aiOuity  for  A  diminishes,  we  obtain  the  Column  of  AJituttf  of  A.  And  if 
we  proocixl  in  the?  same  manner  with  other  bodies,  simple  and  compound, 
aaoigning  a  cdumn  to  each,  and  oollectiug  all  these  columns  into  a  guueral 
tebi<>,  we  shall  obtain  a  Table  of  Affinity  {Tabula  Affitiitatum). 

Tho  Jiret  table,  which  was  very  imperfect,  was  drawn  up  by  Geoffroy  ; 
he  waa  followcfl  by  tJellert,  KUdiger,  Limlxjurg,  Maiherr,  Do  Fourcy, 
Demachy,  EntVlKjn,  Wi'ig<«l,  VVie-glor,  and  Bergman. 

A  few  examohw  will  HufHce  t4>  illustrate  this  method.  Carbonate  of 
Ume  truate^l  witli  hydr<K.'ld<.irio  a4*id  yields  hydrochlomte  of  Ume  and  car* 
bonic  add  s  hydr«>cliltirate  of  lime  is  re8olve<l  by  sulphuric  acid  into 
Mttlphat«  of  lime  and  free  hydrochloric  acid  ;  and  when  oxahc  acid  is  added 
to  a  aoluilou  of  Mulphtitr>  of  lime  in  wati-r,  (ixuUte  of  lime  is  thrown  dowti« 
while  free  aulohuric  acid  remains  in  the  water.  Ilenoc  in  the  column 
headed  Luiu^  tnc  four  ai-iils  altovc  mentioned  Buooced  une  another  in  the 
foDowing  order :  oxjJic,  Hulplmric,  hydrochloric,  carbooki  Froan  an 
Aqaooiui  Holution  of  sulphate  of  uluininn,  ammonia  precipitates  tho  alamina, 
yroduoing  Bulphate  of  ammonia }  tliia  salt  is  oouvcrtod  t^  limo  into  snl- 
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phftte  of  lime  and  free  amiuoiiia ;  the  Bulphate  of  lime  treated  witfi  Bolution 
of  p«itash  JH  ro8<ilvi!d  into  suipliatf*  nf  (x^tiinh  Mitl  froe  liino;  and,  lantly, 
the  aquettUB  solution  of  tiuI[»liato  uf  pntash  jj^vos  with  baiyta- water  a 
precipitate  of  sulphate  nf  baiytii,  wliilc  fiei'  jiotash  remains  iu  Hi»lutinQ. 
Consequently  in  the  Hul]>huric  aeid  enliuiiii,  the  four  bases  hero  considered 
would  Ktaiul  in  the  urder :  baryta,  potash,  lirnc,  ainiiioriia,  aliunina. 

Simple  and  ssuio  a.-*  tlnK  niethmi  rniiy  apjioar,  and  well  a-s  it  may  be 
adapte<i  to  funiish  available  iiiaterialH  for  the  determination  of  relative 
magnitudes  of  affinity,  it  is  still  far  from  beinj^  uiii^xoeplionable,  and 
demands  the  ^eateHt  caution  in  its  »j>]ilicati<.ni.  The  iiiHuence  of  eohcfiion, 
daisticity,  and  the  afiinjty  of  the  solvent,  are  especially  deserving  of 
the  most  cJirefnl  uttentiim.  For  exam|*le,  that  oxalic  aeid  adih-r!  to  an 
aqueous  solution  of  8nl[>hate  of  lime  precipitates  oxalat<^  t»f  lime,  might  l>c 
explained  on  the  hyp'tliesiH  that  the  c/ihesioii  of  the  latter  salt  is  greater 
than  that  of  the  former;  and  that  at  the  fiame  time  the  affinity  of  water 
for  sulphuric  acid  is  greater  than  for  oxalic  acid;  if  such  be  the  case,  the 
affinity  of  sulphuric  acid  for  hme  may  still  l>e  greater  than  that  of 
oxalic  acid.  It  has  also  iK'en  HOggested  that  hydrochloric  acid  may 
expel  carbonic  acid  from  carbonate  of  lime,  not  in  consequence  of  gi-eater 
aflmity,  but  heeause  cjirlxuiic  acid  in  more  elastic  r".  «.,  has  greater  affinity 
for  heat  than  hyili'ochloric  acid  liaa  ;  l)ut  this  suppisttiou  is  negatived 
by  the  experiment  dcHcribed  on  page  130,  in  which  the  deeomfK>Bition 
was  found  to  take  place  muler  a  preHsure  sufficient  to  liquify  the  carbmic 
acid  set  free.  Again  it  ban  been  shown  (p.  12i))  that  e.  ff.,  fioracic  acid 
decomposes  sulphate  of  soda  at  a  red  heat,  whilst  the  upjxtsite  effect  takes 
place  in  the  ci»Id.  Uenerally,  the  various  cases  of  re(;iproc::ul  affinity  {page 
125  ....  1'6S)  show  that  it  is  inipirtant  ti>  examine  the  action  of  bodjes 
under  variously  alteret)  circumKtaiiceB,  atul  in  di-awing  c^uicluHtons  respect- 
ing magnitude  of  affinity  from  .decoiii]>ositioiitj  which  result  from  simple 
aflinity,  never  to  neglect  the  circumstances  which,  as  was  shown  in  dis- 
cussing the  thenry  of  reciprocal  affinity^  may  invert  the  result  and  enable 
the  weaker  affinity  to  gain  the  victf>ry.  One  of  these  circumstances,  viz., 
difference  of  temijeratui-e,  was  long  ago  noticed  by  Bergman,  In  his 
table,  the  Affinitates  tlectira  via  humida  are  distinguished  from  those  via 
sicca,  accordingly  as  the  decomfjoailions  take  plucc  at  ordinary  temjieratures 
or  at  a  red  heat.  This  mode  of  distinction  is  not  hixleed  ttnexceptionahle, 
since  opposite  results  often  take  plac^  at  different  degrees  of  inc^nde- 
Boouce :  thus,  for  example,  at  a  red  heat,  fiotassium  takes  oxygen  from 
iron,  while  at  a  white  heat,  iron  tak<!s  oxygen  from  potassium.  At  the 
same  time,  such  distinctions  oblige  us  to  admit  that  tables  of  affinity  do 
not  always  give  the  relative  magnitudea  of  tliat  force,  hut  merely*  the 
retjultj*  of  decompOHition  under  certain  cii\2umstjince« :  hence  these  tables 
are  by  many  chemists  called  Tables  of  Pj-ecipitation^  or  more  correctly, 
Tables  of  Decomposition. 

It  must  also  not  be  forgotten  that  a  body  C  sometimes  takes  from  the 
body  B  only  a  jtart  of  the  body  A.  When  soda  precipitates  oxide  of 
lead  from  a  solution  of  chloride  of  lead  in  water — which  may  l>e  regarded 
08  hydrodrlorate  of  oxide  of  lead— this  does  not  exactly  prove  that  the 
aflinity  of  Koda  for  hydrocldoric  acid  is  greater  than  that  of  oxide  of  lead; 
for  the  precipitate  ts  a  compound  of  4  atoms  of  oxide  of  lea<l  with  ono 
atom  of  hydrochloric  aeid;  and  the  same  conijxjund  is  on  the  other  hand 
produced,  with  separation  of  soda,  when  oxide  of  lead  in  excess  is  di- 
gested with  a  soiutiiju  of  hydrochlorate  of  soda.  From  this  it  follows 
that  4  atoms  of  oxide  of  lead  have  a  greater  aflinity  for  1  atom  of  hydro- 
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chloric  acid  than  1  atom  of  soda  has  ;  but  that  1  atom  of  soda  has  a  greater 
affiiuty  for  hydi-ochloric  acid  than  1  atom  of  oxide  of  load,  uud  cx»nHe- 
qiiontly  ab(4tract8  from  tlie  tatter  f  of  the  add  witli  which  it  in  cnnibined. 
IIi'iico,  in  preoipitatioDB  of  this  kind,  it  must  bet  carefully  examtiied 
whether  tlie  precipitate  contaiim  the  substaiice  B  iii  a  stale  uf  purity  or 
still  in  conibuiation  with  part  of  the  bniy  A. 

Lastly^  on  briijgijig  together  A  B  and  C,  we  very  often  obtain,  not  A  C 
and  II,  but  A  C  and  B  C.  If,  for  exatn|Je,  in  order  to  deteniiiiiL-  wh<'ther 
ariienic  or  sulphur  has   the  greater  iiflinity  for  oxygen,  we  heat  together 

uious  acid  and  sul|>hur,  we  obtiiiu  indeed  sulplnirous  Sicid,   but  the 

irated  arsenic  combines  with  anoth<>r  i>()rtion  of  the  sulphur  and  fonus 
Bulpliidc  of  arsenic  (Sch.  li>0).  In  this  case,  wc  cannot  conclude  that 
oxygen  has  a  gi-eater  affinity  for  sulphur  than  for  arsenic,  but  only  tliat 
tin*  affinity  of  sulphur  for  oxygen  +  that  of  sulplnir  for  ursonio  ts  greater 
than  that  of  arsenic  for  oxygen; — the  affinity  of  heat  for  Bul[»hurous  acid 
must  likewise  Ik?  taken  into  acc<jujut. 

/J.  By  DoubU  Affinity.  (Juyton-Morvoau  supposed  that  when  two  salts 
dioomposc  one  another,  the  sum  of  the  two  decomposing  aflhiitios  must  be 
grewtcr  than  that  of  tlie  two  quiescent  affinities.  According  to  the  de^ 
Coni|j<»siti(jn8  which  the  salts  of  certain  acids  and  bases  exiiibit  one  with 
ler,  he  endeavoured  to  assign  such  magnitudes  to  their  affinities  that 
atioo  should  Hgrt'O  with  observed  results.  JIc  thus  found  by  trial 
tite  following  numbers  : — 


IkryU... 

8«U 

lime    . . , 
AmmouiA 

Aiumiiui  . 


Sulphuric 

Nitric 

Acid. 

Acid. 

«e 

62 

62 

68 

(8 

60 

54 

44 

44 

38 

fiO 

40 

40 

38 

Hydrochloric 

Acetic 

Acid. 

Avid. 

86 

28 

3S 

26 

31 

25 

24 

10 

21 

20 

22 

17 

18 

15 

C*rlK>iiiaj 
Acid. 


14 


12 


According  to  this  table,  sulphate  of  soda  and  hydrochlorate  of  baryta 
must  decompose  each  other,  because  C6  +81  (=97)  is  greater  thjin 
68  +  36  (=  04);  similarly  with  carbonate  of  potnsh  and  acetate  of  lime, 
since  12  -f  2G  >  19  +  'J,  and  so  on.  But  in  many  cases  in  which  de- 
iposition  takes  place,  the  sums  are  equal  ;  e.  g.,  with  sulphate  of 
»h  and  nitrate  of  baryta  (G2  +  62  =  66  +  58) ;  and  with  sulphat*'  of 
and  hydnxihlorate  of  baryta  (62  +  36  =  G6  +  32).  In  others 
gum  nf  the  lati*nt  is  even  greater  than  that  of  thi^  separating  affinities, 
•o  that  the  cidculation  directly  contrudicts  the  exp<'rimeiit«l  result ;  «.  </., 
in  the  caiM!  of  nitrate  of  baryta  and  sulphate  of  soda  (62  +  58  >  50  + 
66) ;  8<»  likewise  nitrate  of  biaryla  is  decomix)Bed  by  HulphnttT  of  ammonia, 
iulphute  of  lime,  sulphate  of  magnesia  or  carlxtnute  of  Bo<ln,  and  s»ilphatc 
'inagueaia  by  carlxmate  of  amntonia,  although  calculation  would  li-ad  to 
oontrary  remit.  Moreover,  Guylon-Morvcau  assigns  to  the  affinity 
iiJtrie  lUid  hyi!riK'hlf>ric  add  for  barj'ta,  larger  nimdxrs  than  lo  the 
"litiesof  the  Kami' acidw  for  iMiliuth,  although  ^totash  scfmrtitCH  baryta 
\i  frx-tni  the  nitrate  and  hydrochlontti-  of  that  bitse.  (ienerally,  it  is 
to  Bce  tlittt  it  would  bo  uselesB  tn>ublu  to  attempt  to  rectify  the  prc- 
nombon  ami  adapt  them  to  all  docompoeitious  of  thcsu  solta  by 
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double  affinity, — since  these  rcsuita  dopcnd,  i)nt  alone  on  the  enm  of 
the  mag-iiitude8  of  affinity,  but  also  on  coheBion,  tenipcraturo,  and  the 
nature  of  the  solvent. 

B.  Attempts  have  t)een  made  to  determine  the  relative  strength  of 
affinity  of  two  bodies  from  their  force  of  adJiesion.  Guyton-Morveaii  re- 
gai'ded  adhesion  as  a  aminjenciiip;'  affinity  ;  BupptBing-  that  hctrrugcneouH 
8ubf5tancc8  attract  each  other  in  masses  before  tlie  attraction  Ix'tween  their 
iiidividuat  atoms  comes  into  play  and  forms  chemical  comjionndH.  The 
^cater  therefore  the  affiiiily  between  two  bodies,  the  greater  Bhfnild  also 
be  thi-ir  adhesion,  and  the  ma{,'Tiitiide  of  the  fonner  should  also  lie  deter- 
minable from  that  of  the  latter.  Murveau  husix-nded  a  metal  (Iihc  one 
inch  hi  diameter  from  one  of  the  arras  of  a  Imlaiice,  and  counterfmiaed  it 
by  weiifhts  in  the  op)po8ite  scale ;  he  then  placet!  mider  the  disc  a  glass 
filled  with  incrcuryj  ko  tliat  the  surface  of  the  mercury  just  came  in  con- 
tact with  the  lower  surface  of  the  disc, — and  ascertained  what  additional 
weight  irquii-ed  to  be  laid  in  the  0]tiMwte  Kcale-pan  in  order  to  se|(arato 
the  disc  from  the  mercuiy.  In  thiH  manner  be  fonm!  tlmt  the  ffillowing 
weights  were  necessary:  gold  44G  grains,  silver  421),  tm  41Hj  lead  397, 
bismuth  :i72,  zinc  20t,  copjter  14'2,  antimony  126,  iron  llf),  cobalt  8. 
This  is  almost  exactly  the  order  of  fjvcility  in  which  these  metalH  combine 
with  mercury,  and  so  far  experimentu  apjxnii  to  accord  with  the  preceding 
view.  But  it  has  not  yet  been  shown  that  the  magnitudes  of  mlhesion 
and  affinity  are  in  direct  proi)f)rtion  one  to  the  other.  Although  the 
affinity  of  siilpluir  for  mercury  is  much  greater  than  that  of  either  ul'  the 
metals  just  nauicd,  tttill  a  disc  of  sulphur  wmild  adhere  tn  it  with  fur  less 
force  than  either  of  tiie  metallic  discs  did.  Moreover,  the  fact  of  mer- 
cury combining  with  gohl  more  easily  than  with  zinc  does  not  hIiow  that 
gold  has  the  greater  aflSnity  for  the  mercury :  for  facility  of  combination 
is  one  thing,  intimacy  another.  Besides,  Morveau's  niefhud  does  not  give 
even  the  force  of  adhesion ;  for  a  certain  quantity  of  niercury  reinaina 
attached  to  the  plates,  and  on  separation  the  mercury  itself  is  torn  asunder, 
and  the  force  detertniiied  is  in  reaUty  its  cohesion.  Finally  both  on 
this  ground,  and  tK.'caufie  many  Bubstances  on  coming  in  contact  imme- 
diately enter  into  chemical  combination, — and  the  film  of  the  new  com- 
pound of  the  two  bodies  whose  adhesion  is  to  bo  measured  ie  really  that 
wliich  suffers  disnii>tiori, — an  exact  delennination  of  the  force  of  adfiesion 
in  the  most  numerous  itiid  iirifM>rtant  cases  is  impossiljle. 

C.  Tiie  strength  t>f  affinity  is  sometimes  estimat^-d  by  tljc  time  in 
whicli  eoHibinatioTi  takes  place.  WcumI  {Von  der  Vti'icaiulfschn/fy  p.  28) 
ex|>jBcd  metal  cylinders  of  equal  height  and  diameter,  and  covered  all 
over,  with  the  exception  of  one  of  tfie  temutiid  surfaces,  with  variiish 
— to  the  action  of  difTerent  acids  at  the  same  temperature  and  for  equal 
intervals  of  time,  and  estunated  the  force  of  alliuity  by  the  quantity  of 
metal  dissolved.  These  exjxrimentH  however  [irove  nothing,  fii*st  becynac 
in  the  solution  of  metals  in  acidn  various  affinities  come  into  play,  viz., 
the  affinity  of  the  m<'tal  fur  oxygen,  which  has  to  be  taken  sometimes 
from  the  acid  soniettmes  from  the  water, — that  of  the  oxide  of  the  metal 
for  the  acid — and  (hat  of  the  salt  for  water  ;  secondly,  because  Wenzel 
Bometimes  used  conrentrated,  sometimes  thlute  acids,  according  in  the 
condition  of  the  metal — and  thirdly,  becauae  a  given  surface  of  different 
metala  exftoses  a  tlifferetit  number  of  atoms  to  the  action  of  a  solvent, 
according  to  the  atomic  weights  and  densities  of  the  metals.  But  even  ex- 
periments in  which  these  aources  of  error  were  eliminated  woidd  lead  to 
nothing,  because  the  imiwrtant  influence  which  cohesion,  specific  gravity, 
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&c  exert  on  the  rapidity  of  the  combinatioQ  could  not  well  be  taken  into 
•ooount. 

D.  Strenjrth  of  affinity  has  been  eBtimated  from  the  quantities  in  which 
botlies  coiubino. 

Berthollot  laid  down  tlie  following  hypothesis :  the  emaller  the  qnan- 
tity  of  a  body  B  i-eqnired  to  neutralize  aunthcr  body  A,  that  is  to  say  to 
tbalanix;  it«  o{)j)08itc  prDpt-rties,  the  more  coniiilcvtely  «>pp)sjte  must  B  be 
[t(t  A,  and  the  greater  must  therefore  he  their  mutual  attraction.  If  for 
example  a  cortain  quantity  of  an  acid  is  neutralized  by  1  part  of  the  base 
B,  but  requires  2  |«irt8  of  the  luisc  C  and  3  of  the  base  1>,  the  alliiiitioa 
of  A  to  B,  C,  ajid  D  =  3:  1^  :  I  ;  in  short,  the  force  of  affinity  is  iu- 
tvcrsely  liH  Uie  quantity  required  for  neutralisation.  A  similar  relutinn 
[oxista  with  regard  to  the  affinity  of  a  base  for  several  acids;  that  acid 
[of  which  the  smallest  quantity  suffices  for  the  neutralization  of  the 
I  base,  will  have,  of  all  acidts  the  greatest  affinity  for  the  base.  Thia 
I  view  of  tho  mattt-r  is  cxintradictory  to  the  order  of  affinity  found 
[from  docompoaitions  by  double  affinity.  For  example,  40  j>arts  of 
Bulpliurit^  acid  are  neutralized  by  7G"(>  bar}-t.i,  ri2  stroiitia,  47'2  ])otash, 
81*2  soda,  2rt-5  lime,  20-7  magnesia  ami  17  ammonia;  and  2K-o  lime  are 
•otraliict'd  by  40  sulphuric  acid,  .')4  nitric  itcid,  30'4  hydrochloric  acid, 
hydriodic  acid,  32  sulphurous  acid,  and  22  carbonic  acid.  The 
<lic>8  here  follow  in  the  order  in  which  tliey  separatu  each  other,  so  that 
Iftir  examf»le  baryta  t-akes  snl|ihiiric  acid  from  all  other  basea  and  sulphuric 
jacid  tiikes  lime  fn)m  all  other  acids.  The  law  here  manifested — that, 
Lfor  the  most  part,  those  suliHtances  of  wliich  the  smallest  quantities  are 
Lxequired  to  neutralize  a  third  l>ody — and  which  should  therefore  have  the 
IgppeatoBt  affinity  for  that  l)ody — are  separated  by  those  which  combine 
Lvith  the  Btime  body  in  greater  proportion,  and  should  therefore  havo 
ritoe  affinity  for  it — is  cxpliuned  by  Herthollet  from  the  intluencc  of  cohesion 
id  elasticity.  According  to  that  philosopher,  ammonia  ha«,  of  all  the 
here  enumerated,  the  greatt^ist  affinity  for  sul[ihuric  acid,  for  it 
lis  the  base  of  which  the  smalh-st  quantity  is  reqmred  to  neutralize  that 
]«dd :  that  it  should  however  lx«  separated  fn>m  sulphuric  ncJd  by  all 
b  Other  bases  arises  from  its  tendency  to  aasume  the  gaseous  form.  From 
ftiie  same  cause,  the  highly  ela^ttic  substance  carbonic  add,  which  of  all 
I  acids  has  the  greatest  aflmity  for  lime,  is  separated  from  that  base  by 
UiydnK-hlorij-  acid:  (the  incorrectness  of  this  explanation  is  manifest  from 
i  Die  expiM-iment  described  p.  1^0).  That  b.aryta  should  take  sulphuric  acid 
[fmm  all  other  bftsea,  although  aix^ording  to  Berthollet's  view  its  affinity 
if  or  that  acid  must  l>e  the  Hmallest,  is  explained  by  the  great  cohesion  of 
Isniphate  of  Imryta :  and  that  |K>tash  should  s<'[)arato  lime  and  magncKia  is 
[■nppostMl  ti)  n%Hult  from  the  great  cohesion  of  tlmse  earthi»,  &c.  It  is  cer- 
nly  worthy  of  remark  that  when  an  a«-id  is  brought  in  cont-act  with 
wdififtble  baMs,  the  least  soluble  body  is  always  obtained  :  if  one  salt 
iM  Bolnble  than  another,  it  is  formo<l;  if  one  Imse  is  less  S4iluble  than 
iiother,  it  is  j-recipitated.  Thus  baryta  takes  sulplmnc  acid  from  stnmtia 
forms  with  it  an  insoluble  salt;  stnintia  withdraws  sulphunc  acid 
potaah,  and  potash  fn>m  soda, — sulphate  of  strontia  tieing  less 
able  thtA  sulphate  of  fiotash,  and  sulphate  of  iM>tash  than  sulj»hate  of 
Soda  takes  lime  from  sulphuri<-.  acid,  and  the  lime  which  BCpiratea 
M  tba  lewt  Aoluble  IxHly ;  limo  takes  sulphuric  ucid  from  magueaiA,  and 
OMUnM^  U*  1*^***  soluble  than  lime,  AmniDnJu  lUoue  forms  an  exception  : 
np  salphuric  acid  to  lime,  and  the  lime  is  thereby  convcrtinl  into 
~  soluble  Holphatc  of  lime.    When  a  base  oomcB  in  contact  with 
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two  acids,  the  Bftme  effect  often  taken  plaec ;  sulphate  of  baryta  ie  less 
Bolublo  than  nitrate,  and  this  than  liyditM-hldrate  nf  baiyta,  &c.  But  on 
the  other  Jiand,  the  almost  insoluble  Biil[iliite  and  carbonate  of  baryta  are 
decomposed  by  nitric  acid. 

Bergman  deduced  from  his  analyses  of  varions  salta  the  two  following 
laws  which  are  directly  opposed  to  Bertliollet's  theory:  (1)  an  acid  has 
the  greatest  affuiity  for  that  base  ol  which  it  takes  tip  the  greatest  quan- 
tity.  (2.)  A  base  has  likewise  the  grcalcst  affinity  for  that  add  of  which 
tlie  greatest  quantity  ia  required  to  neutralize  the  base. 

Kirwan,  from  the  results  of  hia  own  analyses  of  salts,  adopted  tho 
first  of  Bergman's  laws;  but  with  rc^jx-ct  to  the  aflSnity  of  a  liaso  for 
different  acids,  ho  on  tho  contrarj-  laid  down  the  law,  that  a  base  has  the 
gi-eatest  aflinity  for  that  acid  of  wliich  it  takes  up  the  smallest  quantity. 

All  these  laws  could  only  have  actpiired  an  apjiearanco  of  validity 
from  the  fact,  that  but  a  Bmall  number  of  acids  and  bases  were  examined 
in  relation  to  them,  and  moreover  in  an  inaccurate  manner.  Adopting 
the  more  exact  qnautitative  relations  at  present  known,  and  pla<'ing  ali 
the  salifiable  bases, — including  those  of  the  heavy  metalUc  oxides — in  tho 
sulphuric  acid  cttlumn,  and  nil  the  acids  in  tljc  lime  culumn,  it  will  be 
plainly  seen  that  de('fmi|:Kisitinn  by  simple  affinity  has  no  fixed  relation  to 
proportional  quantity.  Mureover  we  now  know  that  the  latter  dejK'uds  on 
the  atomic  weight  of  boiltet*.  If  tlicn  the  strength  of  aflSiiily  were  deter- 
mined by  relative  quantity,  the  former  would  Ix'ar  a  shnple  prnjHirtion, 
direct  or  inverse,  to  the  atomic  weight.  Accordingly  to  Berthollct's  taw, 
the  affinity  of  hydrogen  for  other  bodies  should  bo  the  greatest  of  all, 
since  hydrogen  haa  the  smallest  atomic  weight,  and  therefore  the  smallest 
quantity  of  it  suffices  to  saturate  other  bodiew ;  the  affinity  of  iodine  on 
the  contrary  ought  to  be  less  than  that  of  most  other  tiodies,  sulphur  for 
example,  sinci;  12t)  i>arts  uf  iodme  arc  necessary  to  saturate  a  quantity  of 
metal  for  which  16  parts  of  sulphur  are  sufficient;  nevertheless  iodine, 
though  more  volatile  than  sulphur,  decomposes  the  metalUc  sul- 
phides.   ^ 

■  ■ 

^ft  General  Laws,  hy  which  the  Maffnitude  or  Strength  of  AJimtj/  is  ^^H 

^P  rtJjtiUtied.  ^^| 

1.  With  regard  to  the  same  two  bodies.  If  A  combines  with  different 
quantities  of  B,  it  holds  the  first  quantity  of  B  with  greater  force  than  the 
second,  the  second  with  greater  force  than  tho  third,  and  so  on.  This 
law  holds  good  without  exception. 

Carbonic  acid,  C  0*,  in  contact  with  hydrogen  gas,  zinc,  iron,  &c.,  at  a 
red  heat,  gives  up  only  1  atom  of  oxygen,  the  frther  remaining — in  con- 
sequence uf  the  BUf>erior  affinity  of  the  carbon — united  wHith  it  in  the 
form  of  carlxtnic  f>xide,  C  0.  Brown  peroxide  of  lead,  PbO',  is  reduced 
'  ik  a  low  red  heat  to  red  lead,  Pb*0*,  oxyg-en  gns  being  evolved  ;  the  red 
lead,  at  a  strong-er  red  heat,  gives  up  more  oxygen  and  is  converted  into 
the  yellow  oxioe,  PhO ;  and  this  will  not  part  with  its  tjne  atom  of  oxy- 
gen,  even  at  the  most  intense  heat,  but  Bul)lime8  unchanged. 

Apparent  exceptions :  Many  combustible  bodies  abstract  oxygen  from 
nitrous  oxide,  NO,  at  a  lower  temp^'raturc  than  from  nitric  oxide,  NO*. 
This  anomaly  must  be  attributed  to  the  hindrances  which  the  ga-seous 
state  offers,  in  various  degrees,  to  chemical  action.  The  fact  that  nitric 
oxide  is  deprived  of  its  sea^nd  atom  of  oxygen  by  alkaline  Bidphites,  and 
converted  into  nitrous  oxide,  which  suffers  no  further  alteration  from  tlie 
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action  of  the  Bamo  eaJta,  proves  the  correctncsB  of  the  law. — Nitric  acid, 
NO*,  docs  not  give  up  its  oxygen  to  many  lw>tlies  so  easily  as  liyiMniitric 
Bci«l,  N  O*.  But  nitric  acid,  precisely  on  account  of  the  small  afliuity  of 
the  nilrogfen  fur  the  lant  atom  of  oxygen,  in  not  known  to  exist  in  the 
separate  state,  but  only  in  or^mbination  with  water  or  nalifiable  bas<'8.* 
In  aqueous  nitric  acid,  tlie  givat  affinity  of  the  water  for  the  acid  opposes, 
t<j  a  certain  extent,  the  transfer  of  the  oxygen  to  other  l>odii's.  S«) 
likewise  jierchlorate  of  mtash,  KO,  CIO',  is  less  easily  den  imposed  by 
heat  and  combufltihle  b<'>diea  tlian  chlorate  of  fxitaslu  KO,  CIO*,  although 
it  contains  two  more  atoms  of  oxygen.  But  perchloric  acid  is,  just  on 
account  of  this  greater  quantity  of  oxygc?M,  a  stronger  acid  than  cldoric 
add,  and  the  consequent  greater  affinity  of  potasli  for  |X'rcliloric  acid 
renders  its  decomposition  more  difficult. 

2.  With  reganl  to  different  hoilies.  (a.)  Simple  subatanc^'R  exhibit  the 
strongest  affinities  for  each  other,  e.ff,  oxygen,  clilorine,  bromine,  iodine, 
&c.  tr>wani8  most  other  elements.  Then  follow  coiii|Knnid«  of  the  first 
order.  e.g.  acids  and  saliftabk'  bases.  The  affinities  ^f  i-uiupninds  of  the 
flooond  order,  salt«i,  for  instance,  are  nnich  weaker.  In  prnjwtrJion  as 
the  affinities  of  the  elements  are  satisfied  by  coniltination,  their  tendency 
to  form  further  ciimhinalioiis  diminishes  and  nlliniaU^y  ceases. 

b.  The  more  ojtixtsite  iJKMlies  are  in  their  physical  jimixTties,  the 
greater  for  the  most  |«vrt  is  their  affinity.  Thus,  metals  K-ing  similar 
iHidies  have  genendly  but  little  affinity  for  one  another,  but  grt>at  affinity 
for  o.xygen,  chlorine,  bromine,  iiMfine,  sulphur,  and  other  non-metalUc 
bodies;  in  a  similar  mamier,  acids  have  little  affinity  for  other  acids  or 
bases  for  other  bases,  but  tlie  afKnity  between  aciib  and  bases  is  very 
BtroDg. 

Columm  of  Affinitif. 

The  following  arc  a  few  columns  of  affinity  drawn  up  principally  from 
d<x.>jm|nisiti(»u8  by  simple  affinity  and  from  analogical  reasoning.  From 
thi!  difHcnlty  of  the  subject,  they  nuist  be  considered  ivs  merely  n)ugli 
approximations.  The  iKMlies  se|inraled  only  by  a  omima  are  those  whost' 
relative  position  is  as  yet  undecided  ;  after  each  semicolon,  are  placed  sub- 
stances whose  affinity  is  decidedly  weaker. 

Oxmen-.  K  ;  Na,  Lf ;  Ba,  Sr,  Ca;  Mg,  Ce,  Y,  G,  Al,  Th,  Zr,  Si;  Ti, 
To,  VV,  V,  Cr,  Mn;  CO,  U;  Mo;  Zn  ;  Fe  ;  Cd;  Ni;  Co;  Sn;  U;  TaO»; 
MnO;  Mr^;  TiO ;  P;  Pb;  Bi;  Sb  ;  P(J»;  S;  Cu;  MoO' ;  As;  N;  SnO 
IICl;  SU»;  W0»;  NO;  Se;  Pt,  Ir;  PVOSC;  Hg;  Te;  Os ;  R  ;  Pd;  Ag;  KO; 
BaO;  AsO»;  I:  NO*;  CrH.>»,  V»0«;  Au;  Br;  CI;  F;  I0»;  ClO«;  RO. 
^m' Chlorine:  K  and  the  other  alkaline  metals;  metals  which  are  the 
tMCS  of  the  earths;  Ti;  Zn;  P'e;  Cd;  Co;  Sn;  CO;  U;  P;  Pb;  Bi; 
Sb;.S;  Hg;  As;  Ag;  SnCT;  Hg*CI;  Pd ;  Pt ;  Au;  I;  Br;  0. 

Klunrinf,  liromine,  and  Imlinf,  are  similar  in  their  relations  to  chlorine. 

Sulphur:  I);  K  luid  the  other  alkaline  metals;  Zn,  Fe;  Slu  Co;  CI; 
n;C:   Pb;   Bi:   Sb;   Hg;  Ag;   Pt ;  Cu»S;  MoS»;   Au. 

t%>*jJioruf:  0;  CI:  Br;  1;   Kj  Zn;  S;  II. 

lhdrxH}tn:  0;  F;  Cl;   Br;  I;  Sc;S;  P;  As;  Sb;  N. 

NUrogm:  C;   il ;  I;   Br;  Cl. 

MetitU:  0;  F;  Cl;  Ur;  I;  Se;   P;  II.    It  is  true  that  many  metallic' 
oxides   and   fluori«li>M  arc  deconqw^sed  at  a  red  heat  by  chlorine;  but  in 
Miu'ii  casee,  the  affinity  of  heat  for  tlie  more  volatile  substances,  oxygen  and 
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fluorine,  imiat  be  taken  into  account.  Nevertheless  the  affinity  of  the 
ijoble  metals  f<ir  cLIorine  wcenis  to  be  greater  thtui  for  (ixyg'en.  On  the 
whole  it  apf)ear8  that  (hlTeiX'Ut  ruL'tals  have  different  nnlers  of  aflinity. 

Suljyhuric  add:  BaO ;  SrfJ  ;  KO;  NaO;  LO  f  €uO ;  M«t» ;  PbO; 
KH»;  FcO;  ZuO;  NiO ;  CoO;  CuO ;  AR»';  I'VO*.  Comp.  .Sdinaiibert 
(  Unters.  der  Vtrwandtsch,  57)  \  Karsten  {Scher.  5,  583) ;  Gay-Lussac  {Ann, 
C'fum.  H9,  21). 

Uydrochlork  acid:  4PbO  ;  KO ;  NaO;  HaO  ;  SrO;  CaO;  MffO  ;  NH» ; 
CoO;  NiO;  HgO;  CeO ;  ZnO ;  MnO;  FeO;  UO;  AuO'f;  Cu«0 ;  CuO; 
SnO;  GO;  A1»0»;  UH}';  Cr»0»;  FcH;)' ;  Si.O» ;  Bi\)»;  SbCP.  Coinp. 
Schnaul)ort ;  Anfrj-e  ami  Darcet  {A.  Gefil. '3,  32i>),  Gay-LusHac, /t>t'.  n>., 
and  especially  Persoz  {Ann,  Cltim.  Ph/s.  58,  180,  also  J.  Pr.  C'/irm,  G,  32), 
Persoz  places  the  suboxide  of  copper  aI>ove  the  protoxide,  without  how- 
ever restbag'  his  supposition  on  experiment,  and  perhaps  incorrectly.  With 
regard  to  4PbO,  see  piigo  139. 

Nitric  Acid:  KO ;  NaO;  LO?;  IJaO ;  SrO;  GPbO ;  CaO;  MgO; 
NH';  AgO;  CoO;  NiO;  CeO;  ZnO;  MnO;  CdO;  (GPhO,  NO');  CuO; 
GO;  Al'O';  UV;  Cr'O';  11^*0;  HgO;  Fe»0»;  lii'O' ;  according  to 
Schnaubert,  Gay-Lus&ac,  Anfryc  and  Darcet,  and  particularly  accord- 
ing^ to  Fersoz.  ilcre  also  the  place  assigned  by  Pereoz  to  auboxido  of 
mercury  above  the  protoxide  is  to  bo  doubted ;  according  to  Proust, 
{A.  GehL,  1,  525)  protoxide  (red  oxide)  of  mercury  stands  likewise  above 
protoxide  of  copper,  and  according  to  Schuaqbert,  protoxide  of  mangancso 
precedes  protoxide  uf  nickel. 

For  phosphoric  acidy  the  ordtT  apj^voars'to  be  as  follows :  Baryta,  strontia, 
lime,  potash,  and  soda;  and  for  oxtdic  acid:  Lime,  baiyta,  strontia,  mag- 
nesia, potiish,  soda,  amnnHua. 

In  the  revision  of  thcKc  colimms  of  acide,  particiJar  attention  filiould 
be  paid  to  the  fonnation  of  basic  salts. 

Fotajih:  2At.  MoO*j  2 SO';  2Ci-0»;  2  At.  oxalic  acid:  2  At.  taiiaric 
acid;  S0>;  SeO;  NO*;  10';  CIO';  IIF ;  HCl ;  TO*;  AsO';  10»;  BrO*; 
C10»;.HBr;  CrLV ;  PO';  III;  SeO»;  NO';  MnO^;  MnO';  B0»;  C0»; 
AsO';  nSe  ;  3IS  ;  IlCy.  This  coliumi  is  as  yet  very  uncertain,  and  re- 
quires many  correctiinis  and  additions.  » 

Other  bases  exhibit  orders  of  affinity  more  or  leaa  resembling  tliat  of 
potash. 

VI.  Origin  and  Nature  of  the  Phenomena  of  Affinity. 

1.  Atomic  Ili/pnthesis. 

According  to  the  Alomie  or  Corpuscidnr  T/iomf,  matter  is  an  original 
esHiMiee,  and  consista  of  certain  very  small  parts  called  Afoiiu%  Molccnle^, 
or  Particles,  arrangcfl,  not  in  absolute  contact,  but  with  Intervals  or  Pores 
iK'twecn  them ;  so  that  bodies,  which  to  the  eye  appear  perfectly  continu- 
ous, like  a  piece  of  glass  or  metiil,  must  be  rcgai'ded,  not  as  being  com- 
pletely filleiJ  with  matter,  but  aw  aggregates  of  iitoms  and  empty  spaces. 
In  chentical  combuiatiou,  the  heterogeneous  atoms  airange"  themselves 
close  to  each  other,  but  without  penetration— j».*^y>wj>JOH  takes  place — 
and  the  aggregate  of  the  so  formed  eoniptiuiid  atoms,  with  the  intervals 
or  pores  between  them,  constituten  the  new  conifmtind.  The  ancient  and 
modem  atomic  theories  are  disthiguished  from  one  another,  according  to 
the  force  which  is  supposed  to  act  in  bringing  about  the  juxtaposition  of 
the  heten»geneou8  atoms. 
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A.  Ancient  Atomic  Theort. 

Tn  this  tlicoiy,  the  atnm«  are  suppoaod  to  be  actuated,  not  by  any 
attractive  force,  but  by  a  iru^tion  exiKling  from  all  cteruity — by  %'irtiie  of 
which  these  atoms,  iiivisible  frnrn  t)»oir  smalhicsa,  are  continually  falling 
tlirouffh  infinite  space,  but  not  in  exactly  parallel  lines, — bo  thai  they 
Bometimeft  conic  in  contact  and  Ixiconie  aggregated  together  in  larger 
masHcs,  like  the  earth  and  the  other  bodies  of  the  universe.  Those  atoms 
which  go  on  moving  alone,  and  so  como  in  contact  with  bodies  on  the  sur- 
face or  the  earth,  Bometitnes  fall  without  effect  through  their  pores — 
stnnetimes,  again,  they  strike  on  the  atoms  of  the  bodies,  and  thmst  them 
cither  against  the  earth,  or  against  one  another,  tliereby  producing  the 
^lenomena  of  gravitation,  cf>hcsion,  adhesion,  and  affinity.  (Leucippus, 
DemocrituB,  Epicurus,  Lucretius,  Lcsagc.) 

B.  MoDERK  Atomic  Tiieort. 

According  to  this  now  almost  universally  preferred  hypothesis,  the 
at^iins  art'  supposed  In  be  imprest  with  innate  forces  which  give  rise  to 
their  mutual  uttroctiiin,  sometimes  exhibited  in  the  form  of  mecbanica], 
sometimes  in  that  of  chemical  force. 

a.  Conftiiution  of  Atoms. 

Atoms  arc  not  infuiitcly  small,  in  the  mathematical  sense  of  tl»e  words, 
hut  bodies  of  determinate  ma^iittuk',  which  cannot  be  m;parated  into 
smaller  parts,  cither  by  mcchaincul  or  other  forces.  They  arc  of  definite 
weight,  definite  magnitude,  and  definite  form  ;  and  these  are  constant  in 
the  atoms  of  the  same  substance,  but  may  differ  in  those  of  different  sub- 
stances. It  is  probable-,  however,  that  tine  atoms  of  all  bodies  have  the 
same  density,  so  that  the  weights  of  two  hetorr>genw>U8  atoms  arc  in 
direct  proiwirt ion  to  their  volumes — and  that  if  the  atoms  c/juld  place  them- 
selves side  by  8i<le  without  leaving  sjiaces  between  them,  all  bodies  would 
have  the  saiue  H|iocific  gravity,  viz.,  that  of  the  atoms.  But  there  must 
exist  between  them  considerable  inter\-ala,  of  various  magnitudes  in 
different  substances, — and  these  are  fille<i  up  with  heat,  the  principle  of 
elasticity, — wliereby  the  at^mis,  which  by  virtue  of  their  mutual  attraction, 
would  place  tln'mselves  in  actual  contact,  are  kept  at  certain  distaitces  from 
oni>  aiiotlx-r.  When  bodies  are  compressed  or  expander!,  the  atoms  them- 
Hclves  suffer  neither  contra<'tion  nor  ex^tansion,  but  the  jwres  are  narrowed 
or  widened.  That  atoms  must  be  extremely  small,  and  considerably  leas 
t'><^"  tTTshnrs  ''"^  ''^  cliameter,  is  proved  by  the  microscopal  investigationa 
of  EhrenkTg.     {P(yj<j.  24,  35.) 

Ri'SfMM'ting  the  Fvrm  of  Atoms,  two  views  are  principally  entertained. 

According  to  one  of  these  hy|)othe8es,  atoms  have  the  same  form  as 
the  frSigments  obtained  by  splitting  a  cr^'stallized  b«idy  in  the  direction  of 
its  nbines  of  cleav.nge.  Antimony,  which  may  bo  cleft  in  directions 
parallel  to  the  facn-s  of  an  acute  rhoir.bohcdron,  is  resolved  by  this  mode 
of  division  into  similar  rhombohedrons  of  continually  smaller  and  smaller 
dimensionM  ;  and  if  we  conceive  the  ckavagv  to  be  carried  to  the  utmost 
possible  limit,  thv  smallest  rhombohednms  thus  obtained  will  be  the  atoms 
of  antimony.  The  atoms  nf  a  IxHly  which  may  be  cleft  parallel  to  tho 
faces  of  a  Tubo  will  have  tho  form  of  a  culi«;  a  substance  which  may  bo 
deft  according  to  tbo  faces  of  a  six-aided  prism,  will  be  ultimately  rt'du- 
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cfble  to  triangular  priams.     Cleavage  according  to  the  faces  of  a  repular 

roctohedron  will   gnvc  Ixith  regnilar  octohedraiis  and   tetrahedrons ;  hence 

'oiie  of  these  forms  must  l>eIoug  to  tlie  atoms  of  a  body  eo  constituted, 

diamond  for  example.     According  to  thi^  view,  atoms  must  {lave  the  form 

either  of  a  parallelopipjed  (rhrimbnhcdntn,  cnbe,  square,   reotangulaj-,  or 

rhombic  prism), — or  of  a  triangular  prism — or  of  a  tetrahodroti  or  octoho- 

iron,   regular  or  irregular.     TliiH   theory  certainly  afTords   the   easiest 

sxplanatiou  of  the  crv'stalliiic  furni  and  detcrmiuate  cleavage  of  simple 

Bubstances  ;  but  it  gives  no  explanation  of  amorphism — it  does  not  accord 

roll  with  dimorphism — and  the  more  easily  it  explains  the  crystalUnc  furm 

»f  simple  substances,  the  less  is  it  adapted  to  account  for  that  of  com- 

)und6;  for  the  justapoaition  of  two  or  moro  atoms  of  different  forma 

lUBt  produce  a  C4)mp*iund  atom  of  very  complicated  figure. 

Greater  prrjbability  attaches,  therefore,   to  the  second  theory,  which 
tas  been  particularly  develojied  by  Ampere  (Aim.  Chim.  90,  48).     Accord- 
ig  to  this  theory',  all  atoms  have  a  sjiherical  iarm ;  and  in  the  first  place, 
icae  spherical  atoms,  by  arranging  thom.selves  in  various  numbers  and  at 
rarious  angles,  produce  aggregates  jKissessiug  one  or  other  of  the  forms 
rhich  may  be  obtained  by  cleavage  ;    these  aggregates  may  ha  called 
I'stalline  molecules.     Thus,  4  such  spheres  fonniiig  a  base,  and  4  [)laced 
Iperpcudicularly  over  them,  may  produce  a  cube  ;  so  likewise  may  3  layers 
spheres,  e:ich  containing  l>,    arraiiged  in  a  square.     Two  or  4  such 
lycrs  would  give  a  flattened  or  elongated  square  prism ;  2  or  more  rect- 
iguliir  layers  of  ft,  8,  12,  or  more  s]»here8,  placed  one  alxjve  the  other, 
light  j)roduw  a  rectangular  prism  ;  9  or  IG  s|pheres  arranged  on  a  [ilamj  in 
liie  form  of  a  rhombus,  and  y  or  4  such  layers  one  above  another,  would 
^orm  a  rhombohedron ;  3  spheres  l>eli>w  and  1  above,  or  C  at  the  bottom, 
al)Ove  them,  and  1  at  the  top,  a  totrahedrori ;  3  spheres  below  and  8 
above,  a  triangular  prism,  and  so  uvt.     These  crystalline  mnlucules  fonned 
ftt  the  earliest  stage  of  crj'Btallization,   afterwards  unite  themselves,   by 
_lttracting  each   other  chiefly  at   their  surfaces,  into  larger  crystalline 
'masses,  Bej^>arab!e  in  the  directions  according  to  which  the  junction  has 
taken  place — and  thus  planes  of  cleavage  are  detemiined.     It  is  Ime  that 
l— ibis  theory  leaves  it  at   present  unexplamed,  why  tlie   spheres    should^ 
^■fccotirding  to  the  nature  of  the  bodies  to  which  they  belong,  unite  them- 
^Bclves  ui  different  numbers  and  at  different  angles,  whose  magnitude  is 
^Konstant  in  each  [larticular  substance — and  that  thus  sonietinies  one  crj's- 
^^IftUiiic  molecifle,  sometimes  another,  should  he  formed.     Rut,  on  the  other 
hill,  it  gives  the  best  explanation  of  diiiHtrphism  and  amorjjhism.     When 
from  viscosity  hi  the  litpud,  or  a  too  rajiid  juvssage  fnun  the  fluid  to  the 
solid  fliate,  the  atoms  cannot  first  unite  tljemsctves  in  crystalline  mole- 
cules in  the  manner  just  described,  they  all  remain  at  equal  distances 
from  each  other;  consequently  neither  regular  ch'ai'agc  nor  ciystalline 
form  can  exist ;    that  is   to   say,  the   body  is  in  the  amorphous  state. 
Dimorphism  arises  when   the  atoms,    according  to  tenijierature  or  other 
zumstancea,  unite   themselves  in   dilTerent   numbers   and  at  different 
igles,  iuto  crystalUnc  molecules  of  ihfferent  forms,  which,  therefore,  by 
leir  approximation,  must  produce  crystals  ttf  diflercnt  shajn'  and  cleavage. 
?he   c/>mpound   atoms  of   compounds  are   aggregates   of    two  or  more 
Bphcres,  and  are  capable  of  uiuting  to  form  crystalliue  molecules  in  the 
same  manner  as  simple  atoms. 
M       With  respect  to  ponderable  flu  iris,  it  is  supposed,  according  to  the 
^btomic  theory,  that  each  individual  atom  (whatever  may  be  its  form)  is 
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liqiiidfl.  but  so  large  a  space  in  gases  that  the  volume  of  the  atoms  is' 
utterly  insigTiificant  in  comparison  with  that  of  the  calorific  envelopes. 
Thi8  greater  and  more  uniform  separation  of  the  atoms  by  the  calorifio 
eiivelofies  ift  supposed  to  account  for  the  mobility  of  fluids.  In  different 
clastic  fluids  the  calorific  envelo{)eB  have  different  vohmies :  if  the  volume 
of  the  envelf.ipe  surrounding  an  atom  of  suljjhur  ^^  1,  the  corresponding' 
volumes  in  the  other  gases  will  Ix'  3,  6,  9,  12,  18  or  -24  (p.  oo — 67). 

Of  the  com^ctness  of  the  atomic  theory,  the  following  proof  is  ad- 
duced by  Wollaston  {Ann.  Phil.  20,  2.51;  Gilb.  72,  37).  If  matter  werO' 
infinitely  di\iBilile,  atmospheric  air  wKuld  by  virtue  of  its  ela.«»ticity 
exfttind  into  infinite  space.  The  earth's  atmosphere  could  not  thereforei 
have  a  definite  limit,  but  must  extend  itself  to  the  other  heavenly  bodies 
and  form  atmnspheres  amund  them,  the  density  of  which  would  be  pro 
portional  to  the  mass  and  attractive  power  of  these  bodies.  That  no 
atmnHphere  is  obsor^-od  round  the  moon  might  perhaps  bo  explained  by  the  J 
consideration  that  the  huiar  atmosphere,  if  it  existed,  must^  on  accoiinti 
of  the  email  moss  of  the  nifxm,  be  very  rare  and  therefore  imjK^rccptible. 
But  it  may  bo  astroiKiniically  demonstrated  that  the  snn  and  Jupiter, 
i1»fhosc  masscB  arc  much  larger  than  that  of  the  earth,  axv  likewise  without 
Efktmoflpheres.     ITence  it  follows  that  the  air  is  not  inlinit(>ly  divisible,  but 

liat  its  atoms  existing  in  the  higher  regions  nf  the  atnuvsphere  do  notl 
fleparate  from  each  other  beyond  that  point  at  which  their  mutual  repul-J 

lloh  is  exactly  balanced  by  their  attraction  towards  tlie  earth.  Against 
[tilts  it  may  perhaps  be  alleged,  that  even  supposing  the  air  to  be  infi- 
[aitely  divisible,  its  elasticity  must  be  at  length  so  much  diminished  b; 
lecrease  of  density  that  the  earth's  Jittraction  will  set  bounds  to  th 
eater  expansion  which  a  further  removal  from  the  earth  would  involv. 
loreover,  if  we  admit,  with  Poisson  and  Dumas,  that  the  uttermost  parts 
>f  the  air  arc,  on  ac<'oinit  of  the  extreme  cold  there  existing,  in  the  solid 
[or  li'piid  state  and  surround  the  atmosphere  hi  the  form  of  snow-flakes  of 
pilrngen  and  o.\ygeu — the  preceding  aemonstration  will  appear  even  less 
ttUlBfactory. 


h,  Chemir.nl  Combitiotion, 

A  chemical  com{x)und  is  produced,  when  one  or  more  atoms  of  onf 

jrvab«t4U)ce  arrange  tliemselves  in  the  most  symmetrical  manner  possible  by 

\iho  side*  of  one  or  more  atoms  of  another  siibstancx?,  or  of  several  othei 

['feulwlances,  and  thus  form  a  comjiound  atom. — For  the  manner  in  whicl 

iloms  umirige  theiiisi>lvcs  one  with  another,  iiV/.  Gaudin   {liif/l.  um'i;  S^j 

■J31). — Atoms  are  always  more  inchned  to  unite  in  Himjtle  than  in  coniple 

)undN*r»,  and  the  more  intimate  com[K>unds   of   the  iiiorgiuiic  kingdo] 

ipmerally  exhibit   simple   numerical   pro(M>rtioiiH  ;  while  in  organic  com* 

■pounds  formed  under  the  influenw  of  the  vital  force,  ver>'  cuiii]ilicut(>(^ 

|jw»"ifmrtiiniB  ar*"  met  with.     <'ompoiuKl  atoms  again  unite  with  compoun< 

[•tnms  of  a  diffi-nnit  kind  to  furm  cf»m|M)und8  nf  the  second  order;  and  th©* 

|C!om|M»uiid  alom>4  u{  the  M<<v»nd  order  thus  finined,  by  combining  with 

rothem  of  the  kiiiii«<  order,  give  rise  to  eomixiund  atoms  and  combinations 

»f  tin-  thin!  onler,  and  ho  on.     The  mode  of  conceiving  the  formation  of 

^"tliG   h'HH  intimule  com}M>unds  of  vnriaMe  constitution,  e.  o.  solutions  of 

■eld*,  alkaliM  or  sallx  in  arhilniry  (]iiantitii<s  of  water — whether  in  ntca  ' 

r**""  •'■•■I*'  iHMlii'N  first   furm  coni{M>itnd  atoms  of  definite  constitution  b; 

«  J  with  a  small  quantity  of  water,  luid  these  are  afterwards  su 

i..iini>i  iiy  thr  remaining  atoms  of  the  liijuid,  or  whether  the  mixttu 

tukeH  j»hicc  in  some  other  way, — must  for  the  present  remain  undecided. 
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A  cliemical  combination  therefore  is  a  mixture  caiitinucd  as  it  were  to 
l"thc  extreme  of  iiitiinticy ;  in  n  mixture  prnjteriy  so  called,  wliole  masses  of 
[atoms  of  tbc  one  body  are  laid  aide  by  kiiIl:  with  tiiotse  of  the  other — iiml 
[these  Jietercigeneous  massort  e;ui  be  diKtitii,niiKhed  by  the  setiHi-H.  But  in 
[chemical  cditibiriatioii  the  individual  hetei'ogeneous  atoms  are  laid  side  by 
jfiide;  and  since  atoms — even  eom(x>urid  oiies — are  too  small  to  be  iii<livi- 
'  dually  diseeriiible,  the  eye  perceives  oidy  the  masses  formed  by  the  heapiuj? 
together  of  these  atoms  by  virtue  of  cohesion,  ami  hence  the  chemical 
[c<imfwuiid  appears  homoj:;'eno<uii<.  Dit'Se  masaes  niay  indeed  be  fiejtarated 
[into  snialier  and  smaller  ones  liy  mechanical  force,  but  their  c<im]MUind 
|atouu4  are  not  thereby  reanlved  into  simple  atoms;  only  the  cohesiou  is 
loverc««nc  which  hohls  tug'ether  thi>  cnuipiuud  atnuis,  not  the  afRnily  by 
ivbich  the  siiuple  iit<niis  are  united  into  com|K)uiid  ones. 

With  regard  to  the  innate  furce  by  which  atoms  are  disposed  to  com- 
bine, three  liyixttheHes  havt>  been  laiil  down.     By  sonie,  it  is  reg~.irded  aa 
le  8ame  universal  force  of  attraction  which  under  different  circumstaiicea 
Je3tijibits  itself  as  gravitatiun,  coheHinu,  and  mlhcsion  ;  by  others,  as  an 
l^ttractivo  force  of  a  peculiar  nature ;  by  othei's  again  as  electricity. 

Fint  Hypothesis.    Chemical   combinations   tye   produced   by   universal 
I  attraction. 

Although  Newton  was  the  first  who  rcfrarded  chemical  combination  as 
[the  result  of  an  attractive  force,  he  neverthelt:Ks  KUpfjowed  tiiat  this  furce 
1  was  different  from  univ«i-sal  attracti(ui,  and  that  it  diminished  a(rctirdiii»? 
[to  the  inverse  cube  of  the  distance.     Huffon  wa.s  the  lirst  to  consider  both 
these  forces  as  identical.     .Sincre  the  force  of  universal  attraction  depends 
•wholly  on  the  mass  of  the  attracting  bodies  and  not  at  all  ui>*>n  their 
quahty,  while  in  chemical  cnndjination  the  latter  is  of  the  utmost  import- 
ance, Buffon  endeavoured  to  exfjlain  this  difference  by  8U|>p<isin^  that  the 
centres  of  gravity  of  the  atoms  cf  heterogenetous  substances  riiight,  ia 
1  consequent*  of  their  differtMice   of  form,   approach  one   another   within 
(different  distance*!— and  therefore,  since  the  force  of  gravitation  varies 
inversely  as  the  square  of  the  distance,  the  attraction  Ivtween  sucli  bodies 
would  varj'  in   amount  with  the  bIuiix-  of    their  atoms. — Bergman  also 
attributed  these  differences  between  the  action  *A  gra\"itatioti  and  that  of 
aflinity  to  the  different  forms  of  the  atoms  and  liki'wise  to  their  relative 
position. — (iUyton-Morveau  perceived  that  to  ex])Iain  the  gieat  difference 
in  the  strength  of  affinity  deyjending  on  the  nature  of  the  botlies  con- 
cerned,   em  the  hyfiothesis   of  a  difference  of  form  iti  their  atoms,  was 
mathematically    impossible:    but    he    was    neveitlieless    inclined — suice, 
according  to  his  view,  strength  of  adliesion  and  strength  of  aflinity  follow 
the  same  laws — to   regarri  aflinity  as  a  inirticular   ttianifestation  of  tho 
gjavitatinin  of  the  at<ims,  and  to  hojK^  that  the  p>ecnliar  characterifltics  of 
affinity  would  be  explaineil  l»y  the  discovery  of  new  facts. 

Bertholh't's  Theory .  UniviM'sal  attraction  is  jtroVtably  the  cause  of 
chemical  condunation.  Its  action  in  this  respect  exhibits  peculiar  charac- 
ters, because  it  is  exerted,  not  on  masses,  but  on  molecules  ])laced  at 
extremely  small  distances  from  etwh  other,  and  differing  in  form,  cohesion 
and  elasticity.  All  bodies  have  affinity  for  all  others  :  but  the  affinity  is 
not  always  iiiauifested,  because  other  forces,  such  as  gravitation,  cohesion 
and  elasticity  overcome  it  (|i.  IJ5). 

Two  bodies  are,  by  virtue  of  their  affinity,  essentially  capfihle  of  uniting 

[.in  all  proportions:  the  excefit ions  to  this  law  are  to  be  attiibnted  to  the 

cohesion  and  elasticity,  partly  of  the  simple  substances  theniselvcK,  fiartly 

of  the  comp>iujd.     Tlius,  water  dissolves  unly  a  ceilaiu  quantity  of  salt. 
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because  tho  oiiheelon  of  the  salt  iiltinmtoly  balancoe  the  affinity:  similarly,! 
the  elasticity  of  a  gas  prevents  its  abs(M-|ition  by  writer  beyond  a  certaia 
limit,  and  the  elasticity  of  oxygen  pfas  cuiises  metals  to  combine  with  onlyr 
a  definite  quantity  of  oxygx?n.  Moreover,  if  a  corulitnation  in  eertaillti 
definite  propftrtions,  e.  g.,  tliat  of  7C-G  baiyta  and  40  suipiiuric  aeid  p<i8- 

[k^shgs  very  great  cohesion,  it  8e]mrate8  from  the  state  of  solntion  im 
rater,  becomes  thereby  removed  from  the  sphere  of  ciiemieal  aetion,  ami  ' 
louseifueutly  takes  up  no  more  of  the  excess  of  baryta  or  sulphuric  acid 
■which  may  perhai.»8  exist  in  the  li'jUJd.  For  a  simiinr  reason,  hydrojcen 
and  oxy^n  combine  only  in  the  projwrlion  whicli  forms  the  most  coherent 
comjxiund,  viz.  watc»r;  (the  more  ojlierent  |:ieroxide  of  iiydropen  was  not 
known  at  that  time).  This  state  of  jjreatest  eohesioii  eonesjxiiids,  in 
most  combinations  of  acids  and  bases,  witli  the  proix>rtioii  which  produces 
the  most  complete  neutrulizution;  but  in  com}H>unds  of  the  more  coherent 
substances  ••xulic  acid  and  tartaric  acid  with  ammonia,  potash,  and  soda, 
it  is  found  in  the  acid  salt. 

The  smaller  the  quantity  which  any  substance  requires  of  another  to 
produce  neutralization,  the  greater  is  tlieir  natural  affinity  (p.  142). 
Since,  for  exanqile,  according  to  tlie  later  more  exact  determinations, 
47*2  parts  of  {Mitash  re«piire  40  of  suljihuric  and  54  of  nitric  acid  to 
neutralize  them,  the  affinities  of  sulplniric  and  nitric  acid  for  potash  are 
to  one  another  as  rj4  :  40.  But  in  the  cliemical  actions  of  iKidiea,  not 
onl}'  their  force  of  affinity,  but  also  their  quantity  nnist  be  taken  into 
Ac«>)nnt.  If  we  assume,  according  to  what  prec<?<les,  that  the  affinity  of 
a  m(jlecule  of  |M)t.'Lsli  for  a  molecule  of  suljihuric  acid  amounts  to  54,  ao^l 
for  a  molecule  of  nitric  acid  to  40,  and  suppose  that  1  moU'ciilo  of  sul^i 

iphuric  acid  and  3  molecules  of  nitric  acid  act  simultaneously  on  1  mole- 
Cttlo  of  potash, — the  forc«  with  which  the  sulphuric  acid  tends  to  lay 
hM  of  the  potash  will  l)e  1  .  54,  and  that  exerted  by  the  nitric  acid 
8  .  40  =  120.  This  pm^luct  of  the  for(.-e  of  affinity  into  the  quantity  of 
the  at'titi^  substance  is  called  by  Berthollet  the  Chrmical  Afnss.  Ilenct; 
the  chemical  force  of  a  body  increases  in  direct  pn»portion  to  its  (luantity  »■ 
and  a  substaiK'e  possessing  but  small  affinity  may,  when  its  quantity  i 
in  excess,  exert  a  stronger  attraction  on  a  tliird  body  than  otiier  su' 
•tances  pOBH4'S8iug  intrinsically  greater  affinity  but  present  in  smal 
quantity. 

When  A  body  A  oomca  in  contact  with  two  bodies  B  and  C,  both 
whicJi  tend  fo  combine  with  A,  it  docs  not  combine  exclusively  with  that 
one  for  which  it  has  the  prreater  affinity,  not  even  when  the  quantity  of 
the  latter  is  sufficient  for  the  complete  saturation  of  A;  neither  does  i 
eombine  exclusively  with  the  one  which  acts  with  the  gT«^ter  chemi 
mass,  but  divides  itself  Itetween  the  two  in  the  proportion  of  their  cho 
mic4tl  masses.     If,  act'ordiiiff  t*i  the  precedinjy  example,  1  molecule  of  sul 

iphnric  a^.-id  and  3  of  nitric  acid  act  on  I  of  {xitash,  the  chemical  mass  ol 

[the  sulphuric  acid   lH.<ing^  1  .  64  and  that  of  tlie  nitric  acid  8  .  40  =  12Q 

l^i^  of  the  quantity  of  fj^jtash  present  combines  with  the  8ul])huric  act 

'andJIJ  with  the  nitric. 

This  law — that  a  iMidy  divides  itself  l>etween  two  otlicrs  which 
eniloavoiirin^  to  lay  hold  of  it,  in  the  |fl-o{.Kirtion  of  their  chemical  m*i 

f^is  sniiject  to  exc4'plions,  only  when  in  such  conflicts  of  affinity,  a  ehatigl 
the  statu  of  ag'greg'ution  iif  one  of  the  aiHing^  Ixidies  or  one  of  the  coii* 

[pnnudii.  is  pn>dn«M'd  by  c^diesion  or  elasticity,  and  these  bodies  are  th 
nmioved  from  the  Kph(>re  of  chemical  aetion,     lu  such  cases  A  may  cona 
bine  exclusively  with  B  or  C.     Hence  arise  the  four  following  casts. 


BEimiOLLBT'S    TIIBORT. 


1.  The  cohetjion  of  B  efFecta  its  complete  Beparation ;  e.  jr.  When 
ammonia  ia  added  to  an  aquoous  sohitinn  of  sulphate  of  ahitnhia,  tho 
Bulphuric  acid  at  first  divides  it«tlf  Iwitwef n  the  two  bases  iu  the  ratio  uf 
their  chemical  masseB  ;  but  shjce  the  ahiiuiua  is  thus  drjirivod  of  a  portion 
of  its  Bulplmric  acid,  and  the  remainder  is  iwi  sufRcient  to  hold  all  the 
alumina  in  sotution,  a  portiou  of  it  is  precipitatt^d  and  thus  removed  frnni 
the  sphere  of  chemical  action :  now  since  by  this  precipitation,  tlie  quan- 
tity of  alumina  contained  in  the?  soluticjjj,  add  therefore  also  its  chemical 
mass,  JH  ilimijushed,  the  ammonia  is  enabled  to  rob  it  of  anotfier  portion 
of  sulphuric  acid,  thereby  precipitating  more  abmiina,  diminishing  the 
chemical  mass  of  that  which  remains  diasolved,  agnin  rcmoving^  Kulplinric 
acid,  and  so  on, — till  at  leugth  it  appropriuti-s  all  the  acid  and  throws 
down  the  whole  of  the  alumina-  These  successive  decomjxifiitions  follow 
each  other  ho  quickly,  that  the  whole  action  Heems  to  take  place  iu  a 
moment. 

2.  The  elasticity  of  B  effecta  its  complete  separation ;  e.g.  When 
hydrochloric  acid  is  added  to  a  fiolutitui  of  carbonate  of  jKitawh  hi  water, 
the  potash  at  first  divides  itself  between  the  two  acids ;  the  compomid 
thus  formed  of  part  of  the  pf>taHh  with  the  whole  of  the  carbonic  acid 
aUow«  however  a  f>art  of  the  carbonic  acid,  now  less  intimately  cf>mbined, 
to  eeeajie  as  gas  and  thus  to  remove  itself  from  the  sphere  of  action ;  the 
cheniic^il  mass  of  the  carbonic  acid  in  the  sotution  being  thus  diminished, 
the  hydrochloric  acid  takes  from  it  a  fresh  purtion  of  potasli,  ami  sets  free 
another  p<jrtioQ  of  carbonic  acid — and  thus  tiie  action  ia  rejxiated,  as  in 
the  f< inner  case,  till  the  wlmle  of  the  potash  has  combined  with  the  hydro- 
chloric acid,  and  the  whole  of  the  carbortic  acid  has  esca|M.'d. 

3.  The  cohesion  of  A  C  effects  the  coinj)lete  aejiaration  of  JJ ;  e,  ff. 
If  baryta  dissolved  in  water  he  brought  in  contact  with  a  mixture  of 
Bulphuric  and  nitric  acids,  in  such  prop<jrtion  that  for  every  molecule  of 
baryta  present  there  shall  be  1  molecule  of  sulphuric  and  3  of  nitric  acid, 
the  baryta  will  at  the  commencement  be  divided  Urtween  the  two  acids 
in  the  HuniC  |iroportion  as  the  potash  in  the  exajujile  above  given.  But 
potash  foniis  with  both  the  acids  sohibie  salts,  wliich  therefore  reinaiti 
mixed  ;  whereas  the  comprmnd  of  baryta  with  a  certain  (jiiaritity  of  sul- 
phuric acid  ia  insoluble,  falls  down,  and  is  removed  from  the  sphere  of 
action.  The  sotution  now  contains,  iK'sidea  the  cf>nd»ination  of  baryta 
with  nitric  acid,  the  excess  of  sulphurio  acid  wliich  t^ie  precipitated  sul- 
phate of  baryta  was  unable  to  take  up.  This  free  sulphuric  aciti  takes 
from  the  nitric  acid,  in  proportion  to  its  chemical  mass,  a  new  quantity 
of  liaryta,  which  however  is  precipntated  hi  couibinatioii  with  the  pro- 
portional quantity  of  sulphuric  acid  ;  this  seta  free  another  jiortiou  of 
Bulphuric  acid,  which  again  takes  baiyta  from  the  nitric  acid  ;  and  this 
repeated  abstraction  and  precipitation  giX'S  on  till  all  the  baryta  ia  thrown 
down  in  the  form  of  sidphate  and  all  tiie  nitric  acid  ia  set  free.  In  iw- 
cordance  with  this  explanation,  Uerthollet  eup{K.iseB  that  on  bringing 
together  two  suits,  whose  acids  as  w^ell  as  bases  are  ihffcrent,  four  salts  are 
always  produced  :  thus  nitrate  of  inrtash  and  sulphate  of  soda  in  solution 
produce  a  mixture  which  still  contains  a  jxtrtion  of  these  salts  in  tho 
uiidccomposed  state,  together  with  sulpbate  of  potash  and  nitrate  of  suda. 
In  general  therefore  four  salts  are  obtained;  but  if  one  of  the  two  new 
salts  is  insoluble  and  separates  itself  from  the  sphere  of  action,  the  unde* 
composed  salts  yet  reraainijig  hi  solution,  pn>dvice,  in  consequence  of  the 
equal  tlivisiou  of  their  elements,  a  new  quantity  of  the  insoluble  salt ;  but 
as  this  always  falls  down,  tho  decomposition  goes  on  till  the  two  original 
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salts  arc  completely  decomposed ; — c.  y.,  nitrate  of  baryta  and  sulphate 
of  bckLi. 

4  The  elasticity  of  A  C  effects  the  complete  separation  of  B ;  e.  g. 
When  |)eroxide  of  iron  is  heated  to  redness  with  charcoal,  the  oxygen 
ought  to  divide  itself  Ix'tweeu  the  iron  and  the  carlion  in  pro{>ortion  to 
their  chemical  masses.  But  since  the  oxygon  which  conil/uios  with  the 
carhoii  forms  carbonic  oxide,  wl»ich  oscaix's  as  gas  and  an  becomes  removed 
from  the  sphere  of  action,  the  ivinaininfij  carbon  continues  to  withdmw 
oxygen  from  the  iron,  till  the  latter  is  completely  retluced  to  the  metallic 
state. 

Review  of  BerthoUei's  Theory, — 1,  This  theory  does  nrtt  establish  the 
identity  between  aflSnity  and  universal  attraction,  BcrthoUet  Ininsclf  suj)- 
poses  that  different  IxKiiea  have  very  different  degrees  of  uffinity  for  one 
another,  without  spccifyiug  to  what  extent  the  ijulividuai  quulitics  of  the 
molecules  may  exert  a  peculiar  influence  on  their  mutual  gravitation  and 
thus  mi»dify  the  laws  of  universal  attra<*tiou. 

2.  Unacquainted  with  our  present  system  of  stoTchiometry,  Berthollet 
supposed  that  two  bodies  can  combiiif  in  any  proportions  whatever,  and 
endeavoured  to  explain  the  fact  that  combination  generally  takes  place  in 
a  few  definite  projxjrtions  only,  by  assuming  that  precisely  when  these 
proportions  hold  goo<l,  the  coin]>oiind  i.)08se8se8  the  greatest  density,  cohe- 
sion or  elasticity.  But  why  dm's  chloriae  gas  combine  with  hydrogen  gu« 
in  f)ne  proporticm  only,  and  then  without  any  condensation  or  expansion 
produce  hydn  ►chl<iric  acid  gas  ? 

8.  It  is  true  that  the  qiiantity  of  a  substance  exerts  some  itiiluencc  on 
its  manifestations  of  affinity  (p.  125) ;  but  unless  adhesion  also  comes  mto 
play,  this  influence  is  not  exerted  by  any  quantity  beyond  that  which  is 
still  capable  of  entering  into  combmation.  For  example,  since  one  atom  of 
oxygen  ciinnot  combine  with  more  than  one  atom  of  carbon,  100  atoms 
of  carbon  will  have  no  more  effect  on  the  combination  of  any  substance 
with  one  atom  of  oxygt;n  than  a  single  atom  of  carbon  would  ;  if  this  one 
atom  cannot  alwtruct  the  oxygen,  neither  will  100  atoms  do  it. 

4.  Berthollet's  theory — that  a  body  A  divides  itself  l)ctween  the 
bodies  B  and  0  in  the  proportion  of  their  chemical  masses — has  an  appcar- 
anue  of  truth  in  those  cases  only  in  which  the  substances  which  act  upon 
each  other  an;  contained  in  n  liquid  in  which  both  they  and  thrir  jkw- 
■ible  comp«>und8  are  soluble  ;  bccjinse  in  such  cases  it  cannot  for  the  most 
part  lie  directly  shown  what  a«npounds  are  contained  in  the  liquid, 
wlw'ther  A  (I  and  B  according  to  the  onhnary  •view,  or  A  B  and  A  0 
JlOOOnling  to  Berthollet's.  But  in  some  cases  even  of  this  kind,  the  in- 
^OrrectneNS  of  iV-rtholU't's  theory  may  bo  distinctly  shown.  Boracic 
acid  colours  litmus  wine-red  ;  Hulphurie  acid  turns  it  bright  re<L  Now  if 
sulphuric  iM'iil  Ik"  gradually  addi'd  to  a  warm  solution  of  borate  of  sotla 
in  water  whicli  has  Ihxmi  coloured  blue  with  litmus,  the  liquid  at  first 
rrnmiiiK  l>lue,  liecauw  a  combiuntion  of  soda  with  excess  of  l^orocie  acid  is 
1  I  ;  on  the  addition  of  more  sulphuric  jwitl,  boracic  acid  is  sot  free, 

;>  irs  the  liquid  wine  red;  and  not  till  all  the  soda  has  entervd  into 

O«iuiliination  with  the  sul}>huric  licid  d«x^  a  further  addition   of  that  acid 

S've  the  liipiid  n  bright  red  colour;  but  if  sulphuric  .'kcid  were  p>resent  at 
_  le  ciimmenix-meiit  of  the  ai-tion,  either  in  the  free  state  or  combineil  with 
fliilphafe  of  i«(Mla  in  the  form  i>f  an  acid  salt;  the  bright  red  colour  would 
•pjM'nr  at  once.  (ttny-Lussae,  Ann.  Chim.  I'hif!>,  49,  323;  also  Pugg,  25, 
6I'.K)  From  the  sjime  cause,  a  solution  of  sulphate  of  |Nitash  or  s<xla  to 
which  boracic  acid  ban  Uhjii  added  colours  Utmus  only  wine-red ;  but  the 
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adilition  of  x^Vir  of  sulphuric   acid  immediately  prwlncjes   the  bright  red 
tint.  ([)ubail.  J.    Pharm.    18,  42.3.)     llcnco   bcjriwuc   iu.'id   <lnc8  Hot  takrt 
soda  from  Biil[»huric  ju;i<.l  »^v  »et  that  iwrid  fr<?e.     Hydrosiilpluiric  acid  and 
carb<inic  aeid  exhibit  similar  relatiijns  towards  Bulpliuj'ic  aeid.    (Dumas. J — 
Tmcture  of  litmuH  in  iuntantly  bleached  by  chlorine  water,  but  not  till  after 
several  days  by  aqueous  snlution  of  iodine:  now,  a  Holotiou  of  chloride  of 
sodium  mixed  with  iodine  should,  accorthng-  to  Berthollet,  produce  a  mix- 
ture containing  chloride  of  K(>diiiiii  with  excoRH  f>f  chlorine,  and  iodidt;  of 
idium  with  excess  of  iodine.      But   the   orangT'-yellow  mixture  colours 
itmuH  greeu  (from  the  yellow  of  the  solution  and  the  bine  of  the  tincture): 
md  a  very  small  quantity  of  chlorine  water  immediately  changes  thiRgjecn 
lour  into  the  orange-yellow  of  the  eulution  of  iodine:  this  nhowa  that 
lO  chlorine  ha.1  been  act  frea  by  the  ioiiine.  (Dubail ;  Gm.) — Phosphate  of 
Besquioxide  of  iron  is  sohible  ui  hydrochloric  acid,  hut  not  in  acetic  acid, 
"^rom  its  solution  in  hydrochloric  acid  it   is   completely  precipilaled   by 
;etatc  of    potarth.      Now  if    the  potasli  had    been  divided   between  tho 
•drochloric  and  acetic  acids,  part  <if  the  hydrochloric  acid  would  have 
,ed  free,  and  would  have  lield  some  of  the  phosphate  of  iron  in  solu- 
lon.      (Gay-LuHsac  he.  at.;    ali^o  Ann.  Chim,  Phi/s.    70,   41fi. — ^Comjiare 
ilso    Persoz.   Cfiim.    nwlecul,  34C.) — The    experimeuts   of    Soubeiran    and 
0.  Ilenry  {J.  Phurm.  11,  .130,  idso  May.  Pharm.  15,  44,  aUo  N.  Tr.  12,  1, 
2G<))  do  not  prove  much  in  favour  of  Berth" diet's  views. 

Otlier  objeetiouH  to  Berthollet's  theorj'  of  (UKtribution  may  be  deduced 
from  the  following  facts.  Oxalate  of  lead  digested  with  water  and  a.s 
much  sulphuric  acid  as  is  necessarjf  to  saturate  the  oxide  of  lead,  is  com- 
pletely resolved  into  suljiliate  of  lead  and  free  oxalic  acid.  (Pfaff.  Ann. 
C'him,  77,  266):  Bcrthollet's  reniarke  on  thin  exp-riment  (^'inn.  Chim.  77, 
S88,)  are  not  satisfaetory, — Periodate  of  lead  thgestcd  with  water  and 
a  quantity  of  sulphuric  acid  somewhat  less  than  that  required  to  take  up 
all  tho  oxide  of  lead,  yields  a  solution  of  periodic  acid  free  from  sul- 
phuric acid  and  from  hyi»riodate  of  lead,  (Benckiser.  Ann.  Pharm^  17, 
257.) — Chloride  of  silver  mixed  with  water  is  easily  converted  by  iron 
into  metallic  silver  and  chloride  of  iron,  tlie  latter  remaining  in  solution. 
According  to  BerthoUet,  the  contrarj*  result  should  be  produced,  since  iron 
is  more  coherent  than  silver,  and  chloride  of  silver  is  insohible  in  water, 
■while  chloride  of  iron  is  sohible.  These  last  exfierimerits  likewise  show 
that  insoluble  fiubstaiiie<?s,  sm;h  as  oxalate  of  lead,  chloride  of  sdver,  &.C., 
•re  by  no  means  removed  from  tho  sphere  of  chemical  action. — Similarly 
Gay-Lussac  has  showji  (Ann.  Chim.  H9,  21)  that  a  metallic  oxide  inso- 
luble in  water  may  completely  precipitate  another  from  its  solution  in  acids 
(e.g.,  oxide  of  zinc  may  precipitate  oxide  of  silver),  provided  it  be  added 
in  sufficient  quantity  to  saturate  the  acid. — 3  atoms  of  iron  fused  with  one 
atom  of  tersulphide  of  antimony  c<>mpletely  separate  the  antimony  from 
tho  sulphur,  though  no  solid  or  gaaeoue  compound  is  formed,  the  melted 
Bulphide  of  iron  tyitig  in  a  stratum  above  the  melted  antiniojiy. 

It  ha.s  al.4o  been  shown  ([tagc  13ti)  that  hydrochloric  acid  decomjxweB 
carlxumte  of  lime,  and  forms  with  the  lime  a  perfectly  neutral  solutif^m, 
even  luider  a  pressure  sufficient  to  liquefy  earlKmic  acid.  Now  since  the 
hydnjchlorate  of  lime  is  soluble  and  the  carbonate  insoluble,  the  cmtrary 
effect  ought  to  be  produced,  accortUug  to  BerthoUet.  as  soon  as  the  escape 
of  carbonic  acirl  is  prt; vented.  In  a  similar  manner,  hydiX)chloric  add 
deciorapf>8e8  sulphite  of  lime,  although  that  salt  ig  nearly  insoluble,  and 
fiulphunnis  acid  has  less  elasticity  thau  hydi'ochloric  acid,  inasmuch  as  it 
m  liqueSed  by  smaller  pressure. 


ISI 


AFFINITY. 


To  Berthollet  must  be  conceded  tlia  ^^^reat  merit  of  having  closely 
Bcrutinized  the  theory  oi  affinity,  exanutiod  it  in  a  new  lij^ht,  atid  directed 
attention  to  the  influence  exerted  h}'  culieHioa  and  elasticity  on  the  mani- 
fentations  of  affinity.  But  he  laid  too  little  stresB  on  the  magnitude  of 
affinity,  and  too  much  on  the  quantity  in  M'hieh  Kuhatances  act,  and  on  the 
influence  of  cohesion  and  elasticity.  lie  erroneously  Bupposed  that  a  body 
which  M>p{iratc8  in  the  solid  state  is  ren»oved  from  the  sphere  of  action, 
tlittt  fxKiics  are  capable  of  combining  in  all  proportione,  and  that  a  Kube$tancu 
divides  it«e)f  between  two  others  in  the  pmpf  irtion  of  their  chemical  masses. 
Second  Jftfpf>fhe.*is.  Chemical  combinations  are  pn>duced  by  a  peculiar 
power,  called  Affinity,  different  fnira  universal  attraictiun. 

So  lung  as  it  is  asMiimed  that  universal  attraction,  as  manifested  in 
gravitatioa,  acta  only  in  proportion  to  the  yiass,  and  that  the  pecuUar 
'  satnre  of  a  substance  has  no  influence  on  its  amount,— it  is  difficult  to  r(>fer 
the  manifestations  of  cohesion  and  adhesion,  and  im|X)H8ible  to  attributo 
those  of  affinity,  to  its  acticm.  In  cheiiiie^l  phi-nttnivna,  the  quality  of  a 
■ubatance  above  all  things  determines  the  existence  and  strength  of  the 
Attnction,  and  its  intiuenco  cannot  be  repk<.^'d  by  that  uf  quantity. 
Moreover,  a  high  degree  of  affinity  must  be  ascribed  to  the  imponderablo 
bodies,  which  are  nut  subject  to  the  laws  of  gravitaliun.  So  long  there- 
fore OS  it  shall  remain  undi'm<jn8trated  that  gravit!itic»n  is  influenced  by 
quality  of  mattt-r,  and  that  the  hitherto  sii-calied  Inif^niderabies  fiossess 
weight,^-or  else  that  the  pheiinmena  hitherto  attributed  to  the  affinities 
of  these  bodies  are  really  due  to  oUht  causes — (H)  long  will  it  I*  most 
advisable  (as  indeed  most  chemists  at  least  tacitly  do)  to  regard  afiSuity 
as  a  |K'Culiar  power  distinct  from  all  others. 

T/iird  Jlfipothtiis.  The  union  of  heterogeneous  atoms  is  the  result  of 
Electrical  AttiTiction.     (Electrocfifnncal  Theoriut,) 

In  H<inie  of  these  thet>rit.>s  a  conmuni  fundamental  (^Kiwer  is  assumed 

which  shows  itself,  sometimes  as  eleetricul,  s<imetimes  as  chemical  force  i 

liu  others  the  ooAibinatiouB  of   fionderable  substances,  uninfluenced  by  any 

Affinity   of   their  own,   are   suppowd   to   arist;   merely   from    the  mutual 

>  attraction  of  the  two  electricities  attached  to  their  atoms,  which  attraction 

[Js  itsulf  regarded  as  a  kind  of  affinity. 

To  the   list  of    eloctm-chemical    theories   belong  thoae  of    Wintcrl 
r,  OM.  6,   1  and  801);— of  Sir  U.  Davy  (iV.  Gfhl.  5,  41,  also  Elem.  of 
CSWmcd/  Part    of  Nat.    F/iU.)  ;-~o(  Dumas   (PhU,  drr  Chrm.  p.    3(;i>), 
ther  developed  and  contested  by  Gnjtthuss  (Pki/x.  chrm.  For»chungtnf 
I); — of  Ainijere  (/"o^y.   2,  185);— «.>f  Ik-cijuerel  {Ann.  Chim,  Phi/s.  24, 
\VJ'i):—*A  Ferre  (Ann.   Chiin,  Phts,  5i8,  417);— of  Schweiggvr  {S^htc.  5, 
t4i>:  6,  250;  7,  802  and  515;  8,  907;  U,  54,  830  and  435;  14,  510;  25, 
168 ;  89,  214  ;  40,  9 ;  44,  79  ;   52,  fi?) ;— «nd  of  Fechncr  {Schw.  52.  27). 

The  eh'ctm-chemical  theory  of  Ik'rzeUus  demands,  as  the  fullest  and 
most  consecutive,  a  more  detaiie<l  explanation. — CVimixiunds  usually  caUchI 
c!iejnir;il  »)•«■  divide*!  into  two  classes.  The  Um  itUimate  wIiuhc*  fonna* 
1  '    with    lowering  of   t<*mperatiu'e — «.y.   aolationa   of   salts 

'<-  ri'gurded  (ttimw   all  solid   bodies  are  not  soluble  in 
^Water)  aw  ru^ultui^  fnmi  a  s}M'cilic  attraction  (conin.  page  34, 1,  2);  the 
of  the  solid  IxMly  diffuse  themselves  through  the    liquid  till  each 
lis  siUlOUUdiKl  by  an  equal  numlter  of  Rt«>ms  of  the  liquid. — The  mort 
oaaponada  arc  the  really  chemical  or  electro-chemical  combini^ 
1%MB0  result,  not  from  :>iiv  nnituul  affinity  lx>tweeu  their  ponderable 
itat  but  from  that  of  tiie  •  Intiicities  attached  to  their  at^ims.     The 
of  each  substaDoc  baa  two  poles,  oa  which  the  two  oppcMsite  clcctriciticN 
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imvilated  in  different  proportions,  according  to  the  natTire  of  the 
bodies.  The  atom  of  many  bfidies,  (>x3'gcn  for  instance,  has  a  larp:e 
quantity  of  negative  electricity  at tnrhi.'d  to  one  of  its  [K>lep,  juid  but  a  very 
email  (|uaiitily  uf  positive  electricity  at  the  other;  that  of  other  bodies, 
potaaeium  fur  example,  has  a  large  quantity  of  jx^hiti\e  eh^etricity  at  one 
pole  arid  very  little  nefpitivc  electricity  at  the  other.  Thus  the  elementary 
substances  arc  divided  into  clcctro-wfiaiive  and  tlevtro-positive.  To  eac-h 
element  liowever  tliere  Iwlonps  a  particular  projxirtion  between  the 
quantities  uf  the  two  elect rici ties.  Osyfren  fms,  of  all  the  electro- 
negative elements,  the  greatest  iiuautity  of  negative  electricity  at  one  of 
its  poles  and  the  stnallest  quantity  of  jiositive  electricity  at  tiie  other- 
then  fallows  eulplinr,  then  nitrogen,  &c-,  and  lastly  hydrogen,  in  which 
the  quantities  of  the  two  electricities  are  nearly  equal.  t)f  all  electro- 
positive Bubstances,  p«itassiam  has  the  largest  quantity  of  positive  uud  the 
smallest  of  negative  electricity  ;  and  this  inequality  continually  <limiiiisheH 
in  other  bodies,  till  we  come  to  gold,  iu  vi'hich  the  [lositive  electricity  pre- 
domhiatett  but  httle  over  the  negative — so  that  this  element  occupies  the 
next  place  to  hydrogen.  According  to  this,  the  elements  succeed  one 
another  in  the  electrf»-cheniical  scries  of  UfraelJua  as  follows,  beginning 
with  the  electro-negative. 

Electro  ntgativr :  O,  S,  N,  F,  CI,  Br,  I,  Se,  P,  As,  Cr,  V,  Mo,  W,  B, 
C,  Sb,  Te,  Ta,  Ti,  Si,  II. 

Elwtro  poMtivt:  Au,  Os,  Ir,  Pt,  1th,  Pd,  ITg,  Ag,  Cu,  U,  Bi,  Sn,  Pb, 
Cd,  Co,  Ni,  Fe,  Zu,  Mn,  Ce,  Th,  Zr,  Al,  Y,  G,  Mg,  (Ja,  Sr,  Ba,   L,  Na,  K. 

In  the  combinatifiii  of  an  elcclrn-negative  with  an  electro-positive 
body,  the  [iredunTinaut  negative  electricity  of  the  former  unites  with  the 
predominant  jKisitive  electricity  ttf  the  Jattcr.  liefure,  lircR-ever^  combi- 
nation takes  place,  the  former  substance  exhibits  negative,  and  the  latter 
positive  electricity  in  the  free  state;  and  the  tension  of  the  two  eleefrici- 
lies  continually  increases  as  the  bodies  afjproach  the  temperature  at  which 
comltinatiou  takes  place.  Hence  we  have  an  exphmattou  of  electriciti/  btf 
contact.  At  the  instant  of  combination,  the  negative  poles  of  tlie  atoiuH 
of  the  first  body  turn  tliemselves  towards  the  |K)8itive  jjoles  tif  those  of 
the  second ;  and  since  it  is  only  in  the  fluid  state  that  the  atoms  possess 
the  mobility  necessary  for  this  arrangerneut,  it  follows  that  solid  bfidies 
have,  generally  8j>eaking,  no  chemical  action  on  one  another.  Tlie  two 
electricities  of  these  poles  now  combine  and  produce  iieat  or  fire,  where- 
upon they  disappear.  In  every  chemical  combination,  therefore,  a  neu- 
tralixation  of  the  opposite  electricities  takes  place,  by  which  heat  or  fire 
is  produced  in  the  same  manner  as  iu  the  discharge  of  the  electrical  pile 
or  of  lightning,  excepting  that  these  last-mentioned  phenonienu  are  not 
accompanied  by  any  chemical  combination,  at  least  of  ponderable  biidies. 
Every  chemical  cfmibinatiou  is  therefore  au  electrical  phenomenuu  depend- 
ing on  the  electrical  polarity  of  the  atoms. 

Since  the  electrical  series  df)e8  not  accord  with  the  order  of  afBnily — 
since  for  exanqde,  the  highly  electro- negative  substance  oxygen  has, 
according  to  ex|>eriment,  less  tendency  to  combine  with  the  electro-poaitivc 
body  gold  than  with  sulphur  which  stands  next  to  oxygen  in  the  electrical 
series — Berzi'lius  supjinses  that,  although  in  the  atom  of  gold  the  positive 
electricity  i>f  the  one  pole  is  of  gn^ater  amount  than  the  negative  electrity 
of  the  other,  nevertheless  the  absolute  quantity  of  po-sitive  electricity 
existing  at  one  pole  of  the  atom  of  gold  is  less  than  that  which  is  present 
at  one  pole  of  the  atom  of  sulphur, — the  latter  containing  however  a 
much  grcjiter  quantity  of  ucgutivc  electricity  at  its  other  pole  than  the 
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gold-atom  posacsses.  Suppose  for  instaucc  that  the  quantity  of  negative 
electricity  at  one  p<jle  of  the  gold-atom  =  1,  of  tiie  [xjsitive  clfctricily  at" 
tlio  other  ^  2,  of  the  nej^ative  at  one  pole  of  th<!  sulphur  atom  =  12, 
and  that  of  llie  jHimtive  at  the  otiier  pule  =  4 ;  then  the  jKisitivo  electri- 
city will  predoiuiiiati'  in  the  g'old-atoiu  and  the  negative  in  tlie  sulphur, 
but  thf  8ul{thiir  will  possess  a  much  higher  degree  of  electrical  jwlan'ia^ 
tion  than  the  g(jld ;  the  positive  electricity  accumulated  at  its  ^K^aitive 
pfjlo  will  therufore  be  able  to  nt'Utralizi!  a  grcattT  quantity  of  negative 
electricity  in  the  oxygen  than  the  jxigitive  eleetrieity  of  the  gtKld ;  honca 
the  greater  tendency  of  oxygen  to  combme  with  sulphur  than  with  gold. 

In  the  lianie  body,  the  degree  of  electrical  polariaitiun, — i.e.  the  abso- 
lute quantity  of  the  two  electricitiefl  in  the  atomic  pf>le8 — varicH,  according  < 
to  Uerzelius,  with  the  temperature,  and  ia  generally  increased  by  eleva- 
tion of  temperature.  Many  bodies,  Buch  as  carl)on,  which  appear  to  I 
have  but  very  weak  |x)larization  at  common  tenifK-'ratures,  often  becoma 
liighly  |j<jlarizi-d  at  a  n-d  Iwat, — hence  their  cnitiliitiuliiin  with  oxygen  at 
that  temiK'^rature.  Many  substanccB,  on  the  contrary,  such  as  gold, 
which  have  altogether  but  weak  polarization,   frequently  show  it  in  a 

Sreater  degree  at  low  than  at  high  temperatures,  at  which  Indeed  it  oftea 
isapix'ars  entirely. 
Llectro-uegative  bodies  in  cnndiination  with  oxygen    generally  fonn 
electro-negative  compounds;  e.g.  Hul]>hia'   produces  sulphuric  acid;   elec- 
tro-jmsitive  substances  give  electro-poaitivo  compounds;    e.g.  potafisium 
prcxlnecs  iMjtasli. 

The  dectjmposition  of  a  compound  produced  liy  electro-chemical  neu- 
tralization can  take  place  only  when  the  elements  have  theii*  former  })ola- 
rity  restored  to  them.  That  the  united  eh-nR'Hts,  afttn*  the  neutraliiiatioa 
of  their  opposite  electrical  states,  are  held  together  by  a  force  which 
rensta  all  mechanicul  means  of  separation,  does  nut  result  fruni  any 
innate  p«iwer  (affinity);  otherwise  the  permanence  of  the  combination 
would  not  lie  subject  to  the  influence  of  electricity.  But  the  moat  inti- 
mate chemical  Ci>nibination  may  K'  destroyed  by  restoring  the  electrical 
polarity  of  the  elements.  In  this  de«>mpoaition  of  coin[Miiinds  by  the 
electrical  current,  the  acting  electricities  disappear  and  the  elements 
reasBumo  their  fomn^r  chemicJil  aTid  electrical  properties.  If  A  B  i« 
restilved  by  C  into  A  t'  and  B,  C  must  have  greater  intensity  of  elcctricsil 
polarization  than  B.  Hence  there  results  more  complete  neutralization 
IjctwcxMi  A  and  V,  than  that  which  iK'fore  existed  between  A  and  B ;  thia 
gives  rise  to  development  of  heat,  and  B  reappears  with  its  original  i 
|j*jlarity.  A  sulislance  cu]>alile  of  combining  with  others,  sometimes  an 
an  eltH^tro-positive  soinetintes  as  an  electro-negative  element  can  only  Ixj 
■epftrmted  from  the  fuvt  mentioned  cond)ination8  by  budies  atiU  more 
pooUivo,  And  from  the  latter  by  holies  still  more  negative :  e.g.  sulphur 
oan  otdy  W  s<'|>an»ted  from  Its  combinations  with  oxygen  by  IxkIjch  whieli 
•re  more  iKwitive,  and  from  its  combination  with  lead  by  iHxiies  which 
are  more  negative  than  itself. 

This  tlMx»ry  of  Ber/x^-liiw  is  encumltered  with  the  following  difficulties : 
— (1).  No  precis**  demarcati<in  can  be  drawn  betweeJi  the  less  intimato 
chemical  combinutt<iuM  iiup|pose<i  to  be  pro<lne«"d  by  affinity  and  the  moro 
intimate  (mu«  which  are  itjterih'd  to  electrical  action.  At  all  events  it 
do<««  not  seem  c<»nformabU'  to  nnlUR!  to  assume  the  existence  of  two  totally 
(liiTvrent  causes  for  thcae  two  very  similar  classes  of  uum]H»uuds.  Ac- 
cording to  this  view,  una  atom  of  sulphuric  acid  should  combine  with  the 
lint  two  or  three  atoma  of  water,  not  by  affinity  but  by  electrical  attroctiou, 
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with  any  further  quantity  of  water  by  affinity.  Now  if  Bulphuric 
acid  cmi»hined  with  ihroo  aUiuiH  of  wati.'r,  |K>fiet'H8  affinity  fur  wuttT,  why 
shniild  not  thf  Baine  at'id  when  pun-  or  whi'n  conibiiiod  with  oiio  atom  of 
water,  also  have  affinity  for  \vat<T? — (2).  What  is  it  tliat  induces  the  two 
electricities  to.  aocuraulato  each  l>y  itKcIf  in  dulinite  quantity,  on  two 
['^»po8ite  points  of  an  atom  which  must  he  regarded  as  a  homopeneouB 
nas8?  What  prevents  their  conibhialion  ?  Are  the  atonm  of  all  hodiea, 
even  of  metals,  fwrfect  nou-conductom?  Again,  when  sulphur  and  lead 
are  melted  together,  the  negative  electricity  of  the  snlphnr-atoms  is  eiip- 
jK'ksed  liy  BerzeUus  to  conibiiie  with  the  positive  electricity  of  the  lead- 
atoms,  th<^  coiid.»iiiation  Ixiing'  accouipanied  by  a  devek)pment  of  tight  and 
heat.  Why  does  not  the  negative  electricity  at  one  pole  of  an  atom 
of  sulphur  ooinliine  with  the  positive  elfK^tricity  at  the  ftitposite  jH>le  of 
another  atom  and  produce  fire,  when  the  sidphur  ia  melted  by  itself  ?^ — 
(3).  If  eombinatioriR  are  produced,  not  by  the  aflinity  t»f  the  elements  but 
by  electrical  polarity,  every  substance,  nini{ile  or  compoiincl,  should  bo 
capable  of  combining  with  ever*'  other  whose  atomic  poles  contain  the 
two  electricities  in  different  pro|Mirtiiius ;  why,  fur  example,  should  tho 
predominating  positive  electricity  of  mercury  combine  with  the  negative 
electricity  of  tellurimn  and  not  witli  that  of  carlKin? — (4).  It  is  not  easy 
to  discover  by  what  force  combined  sMbstunces  arc  held  together.  The 
Iieterogeneous  atoms  unite  in  consequence  rif  their  a<lhesiii!i  to  the  oppo- 
site electricities;  but  when  these  have  l>een  neutralizeil  by  combination, 
it  might  be  expected  that  the  atoma  %vould  fall  asunder  and  allow  them- 
selves to  be  easily  separated  by  friction  and  other  mechanical  forces,  which 
is  by  no  nieauH  the  case.  In  order  to  overcome  this  difficulty,  IJumas 
supposes  {Phih>».  (L  Chfm.  s.  377)  that  in  tfie  comlii nation  of  oxygen 
and  hydrogen.  ff*r  example,  the  negative  pole  of  the  former  places  itself 
towards  the  positive  pole  of  the  latter,  and  the  jwsitive  (lole  of  the  former 
towards  the  negative  pole  of  the  latter ;  moreover,  that  the  atoms  can 
only  give  «p  the  electricity  of  one  of  their  poles — that  it  is  only  on  this 
Bide  that  electrical  nentralixation  takes  place,  viz.,  of  the  negative  electri- 
city of  the  oxygen  with  the  positive  of  the  hydrogen — that  on  the  contrary 
the  electricities  of  the  two  other  jwdes,  viz.,  the  positive  of  the  oxygen 
and  the  negarive  of  the  liydrogeu  remain  nncomhined,  and  hold  the  atoma 
united  by  tlieir  mutual  attraction.  But  this  assumption — that  the  electri- 
city of  only  one  |M>le  of  an  atom  can  condjitie  with  the  opposite  electricity 
of  another,  and  that  those  of  the  other  poles  are  incaiiable  of  uniting — - 
would  not  only  he  a  new  enigma,  but  athnils  of  positive  conlradicrion  ;  for 
in  the  combiiialion  of  sulphur  with  oxygen,  the  postdre  electiicity  of  the 
Bulphur  must  unite  with  the  neg«vtive  of  the  oxygeir ;  and  in  the  com- 
bination of  sulphur  with  the  metals,  its  netfative  electricity  with  the 
positive  of  the  metal.  Eiidirodt's  explaiuition  {Ann.  ('him.  Phifx,  fil, 
262  ;  also  J.  pr.  Cfiem.  8,  345,)  agTCCR  in  the  main  with  that  of  Dumas. 

Tito  theory  adn|ited  in  the  present  work  is  as  follows  :  Ponderable 
bodies  have  affinity  for  one  another.  The  two  electricities  are  substanccB 
whicli  likewise  possess  affinity  for  each  other,  and  by  whose  combination 
in  the  propjortions  in  which  they  neutralize  each  other,  heat  (fire)  is  pro- 
duced. The  individual  electricities,  and  likewise  heat,  have  considerablo 
affinity  for  p<'mderable  substances,  and  arc  united  to  them  with  greater 
force  and  in  greater  quantity,  the  more  simple  these  ponderable  suhstances 
are.  Ponderable  hodiefl,  according  to  their  nature,  have  a  gieater  or  lesfl 
excess  of  positive  or  negative  electricity  united  with  thorn  in  addition  to 
a  definite  quantity  of  heat.    Tbue,  oxygen  probably  contains  the  greatest 
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quantity  of  positive^  and  potosBium  of  negative  electricity.  Btxiies  lying 
between  these  two  extremes  contain  a  larger  quantity  of  heat  with  a 
HDialler  excess  of  one  or  the  other  kind  of  electricity,  the  proportion  of 
which  varies  greatly  acconitng  to  their  nature, — and  thus  form  an  elec- 
trical series  which  pcrloaps  coiiicides  with  the  column  of  affinity  of  oxyg^a 
(p.  H4). 

The  combination  of  two  ponderable  bodies  is  the  result  of  two  forces, 
riz.,  the  affinity  of  the  ponderable  bf)dies  for  each  other,  and  the  affinity  of 
the  electricity  which  is  in  excess  in  the  one  body  for  the  opprwite  elec- 
tricity which  preduminatoB  in  the  other.  By  these  two  forces  the  affinity 
of  the  electro-negative  body  for  the  positive  electricity  united  with  it, 
and  that  of  the  electro-positive  b«>dy  for  the  negative  electricity  combined 
with  it,  arc  overcome.  The  result  is  heat  and  the  ponderable  wmpound. 
The  latter  retains  tlie  oxcc^ss  of  fKiHitive  or  negative  electricity,  by  which 
it  acquires  either  an  electro-negative  or  electri- positive  chara*"ter,  and 
hkowise  part  of  the  heat — while  another  jiortion  is  set  free,  and  gives 
rise  to  the  development  of  heat  or  lire,  by  which  niftst  chemical  combi<- 
uations  are  accomfianied.  ^VheIl  conibinati«m  takes  place  Itetween  two 
bodies,  both  of  which  contain  an  excess  of  the  same  land  nf  elcH-'tricity^ 
f.  ff.,  oxygen  and  sulphur,  which  contain  free  jMisitive  electricity  in  dif>» 
ferent  quantities, — it  is  simplest  to  supptisc  that  the  combination  is  the 
result  merely  of  the  affinity  between  the  two  pfjnderable  bodies,  that  the 
new  compound  contains  the  simj  of  the  excesses  of  |>ositive  electricity, 
and  that  the  development  of  heat  is  a  ojnsequcucc!  of  the  iuabiUty  of  the 
new  ci>infK)und  Ui  retain  as  much  heat  united  with  it  as  was  liefore  com- 
bined with  its  constitnentft. 

When  a  ponderable  compmnd  is  decomposed  by  elevation  of  tempera- 
ture— «.  g.,  oxide  of  silver  at  a  red  heat  into  oxygen  gas  and  silver — ^it 
may  be  supposed  that  the  affinity  of  silver  for  negative  electricity  -I-  that 
of  oxygen  for  pijsitive  electricity  +  that  of  heat  for  oxygen  is  greater 
than  the  affinity  of  silver  for  oxygen  +  that  of  the  two  ehjctricUies  for  J 
each  other.  Hence  part  of  the  heat  is  resfrlved  into  its  elements  and 
unites  as  negative  electricity  with  the  silver  and  positive  with  the  oxygen 
(Sch.  101).  The  dcoompoaitions  of  ponderable  compounds  by  ponderable 
substances  may  perhaps  take  place  aa  follows.  Wlien  chlorine  at  a  rod 
heat  ex|»els  oxygen  from  potash,  forming  chloride  of  itotassiuni,  it  transfers 
that  t)ortion  of  jiosilive  electricity  whicli  in  combining  with  pun»  jxitaa- 
sium  It  would  have  given  up  to  the  negative  electricity  of  that  substance 
•^to  the  oxygen  which  ha**  hwt  its  own  positive  ekvtricity  by  c^onibiningf 
with  the  potassium  (Srh.  102). — When  jxitnssium  in  contact  with  water 
produces  potash  and  hydrogiui  gjis,  the  negative  electricity  of  the  ]Hjtas- 
■iuin  goes  over  to  the  disengugi'd  hydrog^-n,  which  in  forming  water  had 
pnviomify  giren  up  its  own  negative  electricity  to  the  fmsitivc  electricity 
of  the  oxygen  {S<-/i.  lOM).  The  same  takes  place  in  the  solution  of  «ino 
in  dilute  sulphuric  acid  :  its  negative  electricity  goes  over  to  the  escaping 
kydrogva  gns  {Sch.  1(i4).  [For  tlie  explanation  of  the  decomixisition  of 
compounds  by  the  electric  current  according  to  this  hypothesis,  vid. 
Et^etricity.'] 

2.  Dynamic  fftfpothfm, 

A  HubciMM*  which  to  onr  senses  appears  oontinnnus,  like  glass,  \m 
likewise  so  in  reality :  it  does  not  tlien.Mc»n»  consist  (»f  atoms  and  empty 
space's,  but  fiUa  completely  the  s|iace  included  between  its  surfaces. 
Matter  is  thenfon  e^wble  of  oxiwndiug  and  contracting  by  virtue  of  it« 
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own  intrinBic  nature,  not  in  consequence  of  the  widening  or  narrowing  of 
pores  contained  within  it.  In  chemical  combination,  the  elements  have 
the  power  of  diffusing  themselves  through  each  other  without  lunit,  so 
that  in  the  smallest  point  of  the  compound  both  elements  are  alike  pre- 
sent;— the  elements  do  not  lay  themselves  side  by  side — ihey  penetraU 
taeh  other. 

A.  KanCa  Theory. 

Matter  is  a  self-existent  essence,  and  is  actuated  by  two  forces,  the 
force  of  attraction  and  the  force  of  repulsion.  It  may  indeed  be  pressed 
together  by  external  force,  but  only  to  a  certain  point, — for  its  repulsive 
force  increases  with  the  condensation.  The  action  of  different  kmds  of 
matter  on  each  other,  whereby  through  their  innate  forces  they  alter  the 
combination  of  each  other's  parts,  is  chemical  action ;  it  consists  some- 
times in  solution,  sometimes  in  decomposition.  A  perfect  solution  would 
be  such  as,  in  its  smallest  "partides,  would  contain  the  heterogeneous 
substances  in  the  same  proportion  as  in  the  whole.  Kant  however  leaves 
it  undecided  whether  such  a  solution  is  ever  actually  formed ;  but  it  may 
be  imagined — for  if  the  action  of  the  solvent  power  be  continued,  the 
division  must  still  go  on  and  that  without  limit,  so  that  intimately  the 
volume  of  the  solution  will  be  uniformly  filled  with  each  of  the  two 
elements  at  the  same  time,  and  thus  they  will  have  penetrated  each  other. 
(Kant,  Anfangagr.  d.  Natunoiasenschaji.    Aufl.  8,  s.  7b.) 

B.  ScheUmg'a  Theory. 

Matter  is  not  an  original  essence,  but  derives  its  origin  froih  the  con- 
flict of  the  attractive  and  the  repulsive  force ;  and  its  various  qualities 
depend  upon  the  quantitative  relation  of  these  primary  forces.  Unemical 
action  takes  place  only  between  heterogeneous  bodies,  those  namely,  in 
one  of  which  the  relation  between  the  primary  forces  is  the  reverse  of  that 
in  the  other.  The  resulting  compound  is  the  mean  dynamical  ratio  of  the 
primaiy  forces  which  have  been  brought  into  activity  during  the  process, 
and  consequently  its  properties  differ  essentially  from  those  of  its 
elements.  (ScheUing,  Ideen  tu  emer  Philoaophie  der  Natur.  Aufl.  2,  1808, 
8.  468.) 

[Faraday :  Speculation  concerning  the  Nature  of  Matter.  PhU.  Mag.  J. 
24,  136.] 


PART  II. 

SPECIAL   CnEMISTEY. 

THEORY  OF  THE  AFFINITY  OF  INDIVIDUAL  SUBSTANCES. 


SECTION  I. 

ORmnTRT   OF   InrONDERABLE   BoDIES. 

Trra  Imponderable  Borticn.  ItuponderablcB,  Etheival  Substances, 
Riidiant  Powers,  or  Incnprcililes,  arc  dmtiiiguinhcd  fn.tnr  ponderable  Bub- 
BtaiiceH  chietly  by  the  fullnwing  eharactens. 

1.  They  are  withtHii  weight,  so  far  at  least  as  onr  balances  can  8hnw. 

2.  They  are  in  the  highewt  degree  exj>an8ihle, — and  therefore  when 
unequally  distributed  diffuse  themselves — ioT  the  most  jiart  quickly  and 
bv  radiation  in  straight  lines — tlm>ugh  those  sjxices  which  offer  no  oppo- 
Bition  to  their  progress. 

3.  Thvy  penetrate  bodies  which  are  impenetrable  to  all  ponderable 
substances. 

4-  Generally  speaking,  they  manifest  themselves  directly  to  but  few 
of  our  HoriscH ;  magnetism  to  none,  light  and  heat  to  one  only,  electricity 
fttone  to  soverul. 

The  pn^iMfrties  here  noticed  certainly  rt>nder  il  doubtful  whether  the 
sensations  of  light,  heat,  &c.,  should  be  attributed  tn  the  direct  action  of 
(Mvuliar  kinds  of  matter,  or  wln'ther  they  are  not  ratiicr  caust'd  by  the 
xibrations  of  wrtain  sn|i{Kisrd  pUistic  tlui«lH  of  i-strcnie  tt-nuity,  like  the 
luminous  ether,  ice;  tin-  fminrr  Bup]»o«ition  i.s  howfvor  tliu  simpler  of 
the  two,  and  h'tler  a<l!ij)ted  tiian  tin-  latter  to  a  chemical  view  of  the 
»nbj«Tt. — AtX'ording  to  thf  undulatory  theory,  the  coUnired  rays  of  light 
an*  diMtinguishi'd  from  one  anothor  by  the  difTfrout  breadths  of  the  waves 
of  the  luniiniiufl  ethiT ;  arid  whrn  thi'y  nil  fall  on  the  eye  together,  they 
pnvlnc^  thr  sensation  of  puit-  colourless  Uglil.  IIow  different  would  bo 
th«'  iniprcKKion  pnwluced  by  the  whole  series  of  sound-waves  if  they  were 
all  to  iuvado  the  ear  at  once  ! 

The  Imponderables  are :  Light,  ITeat,  Electricity  and  Magnetism : — 
As  theme  trabsUnoes  are  all  fullv  disc-ussed  in  physics,  wo  shall  in  this 
work  ooofine  ounelvos  prijici|>ally  to  the  chemical  relations  of  the  first 
^aoo  towards  ponderable  bodies, — omitting  mag^ietism,  which  appears  to 
nxeri  no  inflrienoo  ou  the  chemical  relations  uf  ponderable  bodies. 
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LIGHT. 
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TNONTMES.     Luminous  Substance,  Light-producing  Matter,  Luminous  Mattei\ 
Lumiere,  Photogene. 

Light  is  that  substance  which  excites  in  our  eyes  the  sensation  of 
brightness  or  vision. 

Physical  Properties. 

1.  Light  is  imponderable. 

2.  It  is  in  the  highest  degree  expansible :  it  spreads  itself  out  from  its 
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point  of  origin  in  straight  lines  or  Raijn,  with  extraordinary  quidoiesst 
passinjiC  <i^cr  42,100  miles  in  a  second,  lla  intensity  varies  inversely  as 
the  square  of  the  distance  from  the  luminous  source. 

3.  It  penetratcft  the  air  and  all  other  Inwspftrmt  bodies  more  or  less 
CJmijletely ;  wWlst  opaque  bodies  either  do  not  transmit  it  at  all,  or  only 
when  they  arc  in  very  thin  laminae. 

4.  Wiien,  in  passing  through  a  tnmsimrent  medium,  it  falls  on  other 
bodies,  transimrent  or  (»pa(jne,  it  is  partly  throtcn  back  or  rtflecUtL, — and  in 
such  a  manner  that  the  incident  and  reflected  rays  make  equal  angles  with 
the  reflecting  surface. 

6.  When  a  ray  of  light  travelling  thmngh  a  thin  medium  passes  near 
a  denser  body,  its  cfjurse  is  somewhat  altered, — it  is  inflected — it  suffets  a 
hendiug  or  Inflexion. 

6.  When  a  ray  of  light  passes  in  an  oblique  direction  from  one  medium 
to  anrvther  of  different  density  and  combustibility,  its  course  is  likewise 
altered;  the  light  iH  broken  or  Refracted,  If  the  sixjond  medium  is  denser 
or  more  combiistible  than  the  first,  the  ray  is  bont  towards  the  perpendicu- 
lar,— and  conversely. 

Inflexion  and  refraction  may  perhaps  be  explained  by  supposing  the 
attraction  or  adhesion  of  bodies  for  liglit  to  increase  with  their  density  and 
combustibility. 

7.  Dij^trrin'on  of  CoUntr. — At  every  refraction,  a  colourless  ray  of  light 
is  8cpjiratr«l  into  seven  coloured  rays.  These  are,  beginning  with  the 
most  refmngible:  violet,  indigo,  blue,  green,  yellow,  orange,  red.  [ZAi- 
minom  luid  Coloured  Spe»:lra.']  The  yellow  and  green  rays  are  the  moat 
luminous.  Far  l>eyond  the  Ixmndarj'  of  the  vinlet,  there  exists,  awwrding 
to  Seeljeck,  a  faint  violet  light  which  gradually  I  M»come«  colourless*;  simi- 
larly, red  light  exists  l)eyond  the  assigned  limit  of  the  red.  None  of 
the  cnhiured  rays  experience  any  further  change  of  oolour  by  a  second 
refraction. 

8.  When  light  falls  at  a  particular  angle  (35°  for  glass)  on  the  surface 
of  a  bfwly,  the  reflected  light  is  f<nnid  t<^  {possess  jieculiar  nroperties;  it  is 
Polftriitd.  For,  if  the  ray  thus  reflected  fall  on  a  secona  flat  surface  of 
the  same  lK>fly  at  the  same  angle,  it  is  a>mpletcly  reflected  therefrom, 
when  the  wt-mal  surface  is  [Mirsdlel  to  the  first  or  makes  a  right  angle 
with  it ;  but  no  nrflectiim  takes  place  when  the  second  surface  is  turned 
round  through  an  angle  of  yo°,  an  that  the  ray  whicli  fulls  on  the  first  sar- 
fooe  would  make  a  right  angle  with  the  ray  reflected  from  the  secondt. 

9.  In  a  great  number  of  media,  viz.,  in  crystals  not  belonging  to  the 
rogtjinr  eysfetn.  and  in  i-rrtaiti  uncrj-stalliy^l  animal  f^ubstances.  a  ray  of 
light  is  Kpht  into  twii  dtsltnct  rays  oppositely  polarized;  Double  Refraction, 
Comp.  Bri'WBter  (Edinburgh  J.  of  Sc.  6,  1 ;  also  .^cAtr,  33,  340). 

*  The  cxiwteni-c  of  tttiuinouii  nyn  having  t  faint  triolet  or  nlLcr  a  lavender  jfrty 
«olour  liM  likcwiiw  l>ecn  proved  hj  Sir  John  Herachel  (Phii  Tram.  1840,  I'L  I.) 

t  Tbe  rao^  i»  complclcljr  reflected  when  the  plane*  of  incidence  on  the  first  and  second 
nrfaeoa  wtaiBide :  no  rcdcctiou  lakas  plM«  irh<o  Umr  %xt  perpendicular  lo  tncb  other. 
tW.] 
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1.  Eelations  of  Light  to  the  other  Imponderables. 

1.    lie  lotion  of  Li'ijht  to  Heat. 

A.  Development  of  Heat  hif  Liijht. 

All  ]wndcrablc  bodies  absorb  a  portion  of  tlie  light  with  whicli  they 
come  lu  contact.  The  quautity  tbiiK  absorbed  is  groater  m  projiortiou  to 
their  opacity,  and  the  diirkju/Hs  and  roughness  of  their  surfaces.  TrauH- 
piirent  bodies,  with  white  ehiniiig  Hurfaees,  absorb  the  least,  inaaiuuch  as 
the  greater  part  of  the  light  \vhic!i  falls  un  them  is  either  transmitted  or 
redecteil.  The  more  light  u  body  aljsorbs,  the  butter  does  it  become  when 
exposed  to  the  sun's  rays. 

In  sunshine  which  raises  a  mercurial  thomiomctcr  to  88°  C.  (100"  FaU.) 
a  ball  of  pure  bismuth,  one  inch  in  diameter,  rises  to  50°  ;  the  sitnie  l)all, 
covei"ed  with  ludiau  ink,  to  b^V  \.  with  larnp-hlaek,  to  59";  and  with  wtiite 

Eaiut  to  -i'd^ :  when  covered  with  n  blue  colour,  the  ball  is  more  strongly 
eated  than  when  dean  ,  but  les.s  struugly  when  painted  red.  (liiickmanii.) 
-^If  a  numl)er  of  pieces  of  C4)pj)er  of  equal  sizes  are  covt^red  with  various 
Colours,  the  black  becomes  most  heated  in  the  sun,  then  the  blue,  then  the 
red  and  green,  then  the  yellow,  and  lastly  the  white.  (II.  Davy.) — Pieces 
of  cloth  laid  u|wn  suuw  iu  the  sunshine  stuU  deeper  the  daiker  they  are  in 
colour,     (Fninkhn.) 

[Jfrai-calkciur  of  Saussure  and  Duearchat.] 

The  concentration  of  the  sim's  rays  by  means  of  bimiing  glasscB  or 
mirrors  is  one  of  the  most  jmwerfid  means  of  producing  a  high  tempc- 
ratm-e. 

Flaugergues  has  shown,  by  experiments  made  during  a  solar  eclipse, 
that  the  light  of  the  sim  has  the  same  heating  power,  whether  it  proceeds 
from  the  edge  of  tlie  disc  or  from  the  ccntie. 

DauieU's  8iipf>OBition,  that  the  solar  rays  have  less  lieat-prodiicing 
power  at  the  equator  than  in  the  temperate  regions,  has  been  shown  by 
Gay-Lussac  (Ann.  Chim.  Pht/i.  26,  375)  and  Foggu  (Eduib,  Phil.  J.  14,  C3) 
to  be  inci^rrect. 

The  light  of  the  suq  loses  but  very  little  of  its  heating  power  by 
passing  through  a  plate  of  glass. 

Solar  liglit  refracted  tlirough  a  prism  shows  "the  greatest  heating 
power:  acc<;>rdin!g  to  Landriaui,  in  the  yellow;  acconiing  to  Rix-hon, 
j  Detween  the  yellow  and  the  red  ;  ac<-(>rihng  to  nerschel  and  Englcfteld, 
(beyond  the  utmost  limit  of  the  red ;  accnrdiiig  to  Rerard,  at  the  farthest 
►  edge  of  the  red,  whilst  the  heating  [ntwer  of  the  uhnust  invisilile  rays 
jfiituated  ]>eyond  the  red  is  only  ^  as  great;  iiccorduig  to  Leslie,  in  the 
[red,  whilst  btymid  the  red  scarcely  any  heating  effect  was  prudiiced. 
rBcelx'ck  however  has  shown  tliat  the  heating  jiower  (jf  the  coloured  rays 
[varies  with  the  nature  of  the  prism.  According  to  that  philosopher,  the 
[beating  jKiwer  of  the  ctjioured  rays  graduaSly  increases  from  the  extreme 
ledge  of  the  violet  or  aliout  |  an  inch  beyond  it  (where  it  is  weakest) 
[through  the  blue  and  green,  and  attains  its  maxinnmi : — with  a  prihiii 
"id  with  water,  in  the  yellow;  witli  a  jirism  filled  with  oil  of  vitriol,  or 
a  Hulutioii  of  sal-anuuoniae  and  coiTosive  sublimate  together,  between 
ypUow  and  the  red ;  with  a  prism  of  common  white  glass  ami  crown 
in  the  full  red  j  aud  with  a  prism  of  flint-glass,  beyond  the  red. 
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\V1iatovcT  may  Itc  tJjo  nature  of  the  priKui,  heat  is  always  tnanifo»t.ed 
iK'youd  the  rcil,  but  gradually  (liiiiiiii«lH's  as  the  distance  from  the  extreme 
litnit  of  tlie  red  increases.  With  a  prism  of  rock-nalt,  the  iiiaximtun  of 
heat  is  situatccl  fjir  beyond  the  rod.  The  solar  Hj^ht  coiitauis  heating  rays 
of  various  dofcreoa  of  refrangibility ;  rtn-k-salt  transmits  thcin  all,  uveu 
the  least  refrangible  ;  jylaas  and  water  only  the  inore  refrangible  :  fi>r  this 
rcaHon,  the  niaxiniuni  of  lieati  when  pri.siiis  of  pla«8  or  water  arc  uned,  is 
found  within  the  ooloiu'cd  spcclnnii.  (Melloni.)  According  to  Powell, 
the  heating  fX)wer  of  the  coloured  rays  depends  also  ujxiu  the  colour  of 
the  Ixniy  to  Ik;  heated ;  according  t<i  his  observations,  a  tliennometer 
piiiilod  with  vermilion  is  more  strongly  heated  in  the  orange  raj's  than 
in  the  red.  According  to  the  same  philosopher,  the  heating  rays  of  tho 
prism  i»a8B  Hke  the  solar  ray»  through  glass  without  (j<^rceptil)le  loss  of 
heating  jwiwer. — There  exists  therefore  a  Ileat-xf^ectnim  in  connection  with 
the  coloumd  R|X'ctruni.  According  to  IlerKchel,  the  coloiu'ed  sjx'otruni 
takcH  up  ordy  about  -J  of  the  space  iwxujiied  l»y  the  hcat-speetnun ;  and  in 
consequence  of  the  smaller  refrangibility  of  the  iicat-rays,  the  foc-iw  of 
heat  is  somewhat  fartlier  (acconiing  to  Wolhwluu  al)out  ■^)  from  tlie 
burning  ghuss  tluin  the  focus  of  hght. 

%  Sir  J<)liri  UeJ'ftchol  {Phil.  Ma/f.  J.  22,  505)  has  obtaine<1  some  remark- 
able resnlta  by  exi^ising  thin  writing  |>ajx-r,  blackened  on  one  side  by 
holding  it  over  a  smoky  tlame,  and  afterwards  thoroughly  wetted  with 
alcohiil  applied  to  the  unsmoked  sid<',  to  the  actiim  of  the  solar  spectriun. 
The  inHiiencc  of  the  cahirific  rays  was  shown  by  a  whitening  of  the  |>aper» 
marking  by  a  clear  and  shaip  outline  the  lateral  extent  of  these  rays,  and 
by  due  gradations  of  intensity  in  a  longitudinal  direction,  their  law  or 
scale  of  distribution,  ])rtth  within  and  without  the  luminous  s|>(sMruin. 
The  thermic  R|>ectrun)  thus  impressed  extended  from  about  the  iiiid<Uc  of 
the  violet  to  a  distance  considenibly  lieyond  the  red ;  moreover,  it  was 
found  to  consist  of  a  nundtcr  of  distinct  iwtches,  the  brightest  of  which 
weni  situated  in  ancl  just  In^yond  the  visible  red  rays.  Three  other  spot« 
HubHe<|uently  came  into  view  at  cotitiinially  greater  distanct^s  from  the 
luminous  «|>ectrum  and  successively  diminishing  in  lirightness.  This  want 
of  continuily  in  the  thrnnie  s|iectrum  may  arise  from  an  absorlnMit  eEftHrt 
in  the  atmospbi-re  of  th«'  sun,  or  of  tlie  earth,  or  of  l>oth  ;  if  such  absorbent 
action  Im?  exerted  by  the  earlli's  atmosphere,  it  will  follow  that  a  largo 
portion  of  tin*  wiliir  heat  never  reaches  the  earth's  surface  at  all,  and 
that  till"  heat  incident  On  lh»'  summits  of  lofty  mountains  differs,  not  only 
ia  quantity  but  aluo  in  quality,  from  that  wliicli  the  [Jains  receive.     % 

The  two  Bpoctra  formed  Jiy  a  prism  of  doable  refracting  spar  havo 
oquni  heating  |M»w«-r«.     (Ih'rurd.) 

M'Hinlight.  the  intensity  of  which,  anconling  to  Hnuguor,  is  tn  that  of 
rranlight  as  1  :  frtun  25«)4MM>  to  :j(HUMi,  pn»duii's,  when  concN-ntrati-*!  l.y  a 
homing  mirror,  only  »  very  slight  dfgree  nf  heat  barely  fteix-eptibU-  by  a 
delicate  thermometer  (llivwiird,  Sitlim.  Ainrr.  ./.  2,  .327);  according  to  moni 
ob*-'  it  has  no  elltvt  lUi  the  therm«jmeter ;  and  KoHk-k  (/'A»7,  .\fag,  J. 

ftt  •  I  ve«l  no  trm^e  of  heating,  when  he  caused  rniM>nlight  concxMi- 

Imii'ii  ;joiMi  tiuu'B  by  a  ghiss  lens  to  full  ux\  a  thermo-niultipUer. 

B.   DevrlopmoU  of  l.iijht  by  IlttU. 
All  Imilies  when  heated  to  n  n-rtuin  temr>emturc  becorao  incandcsoent. 
'"on   become*   hot  when    hammered]   by  nmg-cijntinttcd  hammering  it 
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may  be  made  roil-lutt. — All  bodies  bccumo  rod-hot  at  tlio  Kame  t<.'nipcra- 
ture, — oxocjiting  that  air  requires,  arcurdirig  to  Wodpewood's  i:'X|M'riiiiL'Ht8, 
a  higher,  tt.'ni|x,'mtiire  to  render  it  huiiiuoius.  Accnrdiu^  to  Xewlmi,  irmi 
boooitirrt  dull  red  in  the  dark  at  'MiH"  C.  ((335"  Fall.),  brig'ht  red  ut  400°  C. 
(752''  Fah.),  luminous  in  tlie  twilight  at  474°  G.  {9U3'  Fah.),  and  Umniious 
in  bright  daylight  at  about  538"  C.  (ICMX)"  Fah.) 

Modes  of  exi>l<uiuHij  the  fucU  stated  in  A  <ind  B. 

1.  Light  and  heat  arc  the  same  substance.  Light  arrest^Kl  in  its 
motion  by  the  ailhesion  of  jMndenible  bodies  shows  itself  an  heat.  When 
too  much  iieat  becomes  accuniuluted  in  a  bodn-,  piirt  of  it  escapcH  again 
with  great  veUxiity  in  the  form  of  light:  the  hudy  iKX-omes  incande8C<?nt. 

Against  this  very  simple  theory — -to  wliieh  liertboUet  also  (Stitt.  Chm. 
1,  ]!>l)  gives  the  preference — tho  fnllowiog  objoctiouH  niav  be  urged:  («). 
McKtiilight,  ever  so  much  concentrated  gives  no  heat.  (Tliis  may  ixrhuiw 
bo  ex[»lained  by  its  very  BUiall  intensity.) — {h).  The  brighteKt,  must 
luminon.s  rays  <tf  the  colonred  hj  net  nun,  the  yellow  and  green,  give  veiy 
little  lieat,  and  the  heating  piwer  likewise  shows  itself  wliere  neither  hght 
nor  eolnur  can  bo  neixvived. — Liglit  protldcfa  eheniieiil  ulliTutions  of 
ponderable  bodies,  which  heat  alone  is  nnalile  to  c^ffect.  (Thits  muy  |kt- 
liai»H  Ik.'  explained  by  the  (uore  rajjid  nuttion  of  liglit.) — l'lnw|thiires(vncc 
by  Irradiation,  and  mure  particularly  that  produeeil  by  heating,  is  dillicult 
to  reconeile  with  tliis  liyjtutheHis. 

2.  Tlie  aolar  rays  consiHt  uf  rays  of  light  and  rays  of  heat  distinct 
from  one  iinother;  the  former  are  more  refrangible  than  the  latter:  hencA) 
two  spectra  of  difTerent  kindn.  Tin-  sular  i-ays  give  heat  tltereforc  only 
in  coiisennence  of  the  heat  which  they  crmtain.  Tlie  solar  light  relleetcd 
to  tho  earth  from  the  niomi  has  left  its  lieat-rays  on  the  moon  and  tiieru- 
fore  cJinnot  give  heat.     (IlerKchel.) 

Objections:  {a.)  What  bectniies  of  the  rays  of  light  which  bodies 
absorb  together  with  tho  rayH  of  heat,  seeing  that  tlu- boditw  suffer  no 
change  from  the  ab-sorpfiun,  excepting  change  of  teuiperatui'c  .' — (i).  \\\\y 
cannot  a  body  become  very  hot  without  emitting  liglit? 

3.  All  ponderable  substances  contain  the  hypothetical  Principle  of 
Fire,  wliich,  when  united  with  the  light  wJiich  falls  on  them,  pruJuc5ca 
heat.    (Deluc.) 

2.  Relation  of  Light  to  Electricity. 
Light  often  apjX'ars  as  an  attendant  of  electrical   [ihonomena: — the 
electrical  spark,  lightning.     la  it  an  element  fif  electricity,  or  on  the  other 
hand  ifi  light  composed  of  the  two  eUvtricities — or  is  it  merely  separated 
by  electricity  from  the  suiTounding  medium  ? 

3.  delation  of  Light  to  Magnetism. 

If  the  violet  ray  of  tho'  spectrum  concentrated  b}'  a  lens  be  made  to 
pass  uniformly  for  about  half  an  hour  over  one  half  of  a  steel  needle,  pro- 
ceeding from  the  niiddh-  towards  (me  of  the  extremities,  that  extremity 
being  directed  to  the  nortli,  and  the  temi)erature  being  iM.'tween  O^and  27  '  tJ, 
the  neeiile  will  Irt'Cume  perfectly  magnetic.  (Moricliini,  <S7*ic.  20,  Ki; 
further  in  Ka^tn.  Arc/i.  H,  Kiri.)-— This  exj>eriaient  was  also  snccessfuHy 
made  by  ItidoUi  (Stfut\  20,  10),  Mary  Somerville  {Ann.  Phil.  27,  224; 
abstr.  P^KJ'J-  fj.  i'-'S),  Miiller  (Knstn.  Archiv.  1.*},  897),  iJaumKartner 
{Zeitschr.  Ph.  Math.  1,  2G3),  Zuntcilescbi  (liiOl.  univ.  41,  G4 ;  alsa  .ViAir.  o(i, 
109;  also  Po<jg.  IG,  187),  and  Uarlocci  (i/iR  univ.  42,  11;  also  Schw.  58, 
69).    It  did  uot  succeed  in  the  bauds  of  Configliachi  {Gilb,  46,  335), 
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Bics  Si  JAosor  (Pogi/.  16,  563)  and  d'Hoinltros  Firmas  (Ann.  Ch'm.  Pfii/s. 
10,  285). — I  bave  myaclf  seen  it  snccessfully  performed  by  Morichini. 

^  All  former  researches  on  the  relation  between  light  and  magnetism 
have  been  onnpletcly  thrown  hito  the  shade  by  the  important  discovery  of 
Faraday  (Phil.  Tram.  1846,  I,  1) — that  a  ray  of  polarized  light,  whi-n  made 
to  pa«8  Uirough  certain  transparent  Buhstauces  placed  near  a  magnetic  pole, 
in  such  a  manner  that  the  lints  of  magnetic  fmxt*  sliall  j^wss  through  it  in 
the  diiT'ction  of  the  ray, — ia  rotated  in  a  psirtieular  direction,  depending 
upon  the  direction  of  the  ray  itself  and  that  of  thf  line  of  magnetic  force. 
— I  shall  give,  nearly  hi  Dr.  Famday's  own  words^  the  description  of  the 
experiment  which  first  revealed  this  most  remarkable  phcTiomenon, 

A  ray  of  light  issuing  from  an  Argiind  lamp  was  ]X)larized  in  a  hori- 
zontal |ilane  by  retlccliou  frotji  a  surface  of  glass,  and  the  polarized  ray 
passed  through  a  Niclud's  eye-piece  revolving  on  a  horizontal  axis,  bo  as 
to  be  easily  examined  by  the  latter.  Between  the  polarizing  mirror  and 
the  eye-piece,  two  [wwerful  electro-magnetic  poles  were  arranged,  being* 
either  the  poles  of  a  horse-shoe  magnet,  or  the  contrary  poles  of  two 
cylinder  magnets;  they  were  separated  frimi  each  other  alwmt  two  inches 
in  the  direction  of  the  ray,  and  so  placed  that,  if  on  the  same  side  of  the 
polarized  ray,  it  raigtit  pass  near  them ;  or  if  on  the  coutmry  sides,  it 
might  go  between  them,  its  direction  iK'ing  always  jKiruIlel  or  nearly  so 
to  the  magnetic  lines  of  fon*.  After  that,  any  transpareiit  substance 
placed  between  the  two  p^jles  would  ha\c  passing  through  it,  both  the 
pitarixed  ray  and  the  mngnetic  lines  of  force,  at  the  same  time  and  iii  the 
same  direction. 

A  piece  f)f  htntii  glass  consisting  of  silico-ltornte  of  loud  (Phil.  Tmn», 
1880,  p,  1)  about  two  inches  square  and  half  an  inch  thick,  having  Hat  and 
polislicd  edgi'S,  was  placed  as  a  ilutinatjitetic^  between  the  poles  (not  as  yet 
magnrtir/'d  by  the  electric  cuJTf'nt)  »o  that  the  polarize<i  ray  miglit  pass 
thrniigh  its  length.  The  glass  acted  as  air,  water,  or  any  other  indifferent 
sulmtiince  would  dn;  and  if  the  eye-plecc  weni  previously  turned  into 
such  a  position  that  the  fKilarize*!  ray  was  extinguished,  or  rather  the 
image  produced  by  it  n-ndered  invisible,  then  the  introduction  of  the  glass 
made  no  alteration  in  this  res|te<'t.  In  this  state  of  circumstances,  the 
force  of  the  el«'ctn>-nmgnet  was  developed  by  sending  an  electric  current 
through  its  c<iil8,  ond  immediately  the  larap-ttame  bcuaiue  risible,  and 
continued  ho  as  long  as  the  arrangement  continued  magnetic.     On  etop- 

f)ing  th'i  electric  current,  and  so  causing  the  magnetic  force  to  cease,  the 
ight  instantly  clisapixjared.  These  phenomena  C4>uld  be  renewed  at  plea- 
sure at  any  instant  of  time,  and  Upon  any  occasion,  showing  a  perfect 
de|M'n<U'Uce  of  i-ause  and  effect. 

The  voltaic  current  was  that  of  five  jiair  of  Grove's  construction,  and 
the  electro-magnets  were  of  such  power  that  the  poles  would  singly 
rastiun  a  weight  of  frorn  2H  tn  66I1ih  or  raoro. 

Hy  viirious  exiMTimenls  miwlc  in  this  manner,  it  was  found  that  the 
character  of  the  b)rce  thus  impressed  uiniu  the  diauiaguetiu  is  that  of 
rotatitm,  and  that  it  acts  luvnrding  to  the  lollowuig  law  : 

'*  If  a  uuigtii'tic  line  of  for«.5«.r  Ix-  ifoint/  from  a  north  polo  or  comity  /rota 

•  Tho  l^rni  t.inf  of  mnffnetie  forte  or  Magnttif  lint  of  forte,  or  Magnttie  <ur^, 
deaoU«  thai  escrciae  of  mAj^cilc  rotv«  wkiob  ia  cxert«d  in  th«  linca  iimaliy  called  iN4^ 
mitit  eurre;  aDd  wbicL  equally  n*t«l  aa  paaung  from  Or  to  m«gnetio  poles  or  forming 
Mormti'ic  elrelca  rouad  an  elr^-lric  currvnt, 

f  A  d%9mttgn€.'ic  \m  •  body  through  which  liaa  of  magnelic  force  uti  ptasinff,  utd 
•hleh  d<M*  not  \>3  their  «cUon  ftsuuio  tU«  omuI  tua^ctic  coudition  of  Iron  or  load«toa9- 
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a  Bouth  p)olc  along  the  path  of  a  polarized  ray  cnmiiig  to  the  observer,  it 
t'^rill  n>tute  that  ray  tn  the  right  hand ;  or  if  such  a  hne  of  force  be  coming 
from  a  north  pole  or  going  from  a  south  jxile,  it  will  rotate  such  a  ray  to 
the  left  hand" 

It  was  hkowiae  found  that  the  degree  of  rotation  is  proportional  to  the 
extent  of  the  diainagnetic  thr<nigh  wliich  the  ray  und  the  linos  of  mag- 
netic force  pasB.  The  p<iwer  of  rotating  the  ray  of  light  increases  with 
the  intensity  of  the  tuagiictic  lities  <if  fcircc. 

Other  Indies  Ix-sidos  the  /wan/  ^//aw  possess  tin-  j>ower  of  acting  on 
light  under  the  iritluence  of  the  magnetic  force.  Wlicii  those  Imdii-s  iiavo 
a  rotative  power  of  their  own — us  is  the  case  with  oil  of  turpentine, 
BUgar,  &c. — the  effect  of  the  magnetic  force  is  to  add  to  or  subtract  from 
their  specifie  force,  aceortling  as  the  natural  rotation  and  that  induced  by 
the  magnetic  force  are  in  the  same  or  in  opposite  directions. 

The  sihco-borato  of  lead  was  found  to  be  the  bent  aubstance  for  exhi- 
biting the  phenomena.  Faned  Ixinite  of  lead  is  nearly  as  gond:  fiint-glass 
exhibits  the  rotation,  hut  iii  a  less  degree,  and  crown-glafiH  still  less. 
Crystallized  iKidies  exhibit  Uttle  or  no  iritineiicc  on  the  ruy  when  midrr 
magnetir  intlticncc.  All  liquids  which  have  been  tiuhruitted  to  ex[V(M'iment 
pro(Jnce  the  rotation  ;  air  and  the  other  gaseous  bodicfl  do  not.  The  fol- 
lowing table  gives  an  approximate  estimate  of  the  relative  amount  of  the 
induced  rotating  force  in  a  few  snb«taiices,  as  compared  with  the  natural 
rotating  force  of  a  specimen  of  oil  of  tuq>eiitiiie.     (Water  =1.) 

Oil  of  lurpeDtino 11  '8 

Heavy  glosa 60 

Flml-glaus' 2-8 

Rockiialt  2  2 

Water    10 

A  Icohol lets  Ibnn  water 

Klhcr less  tban  alcohol. 

The  rotating  force  is  also  induced  by  ordinary  magnets  in  the  same 
manner  as  by  electro-magnotB,  hut  in  a  less  degree,  simply  1»cenuse  the  mag- 
netic force  exerted  by  the  former  is  less  than  tliat  exerted  by  the  latter. 

By  placing  various  transparent  bodies  within  long  helices  of  wire 
through  which  powerful  electric  currents  were  passing — it  was  found  that 
"  When  an  electric  current  passes  round  a  ray  of  fxdarizfd  light  in  a 
"direction  perpendicular  (o  the  ray,  it  causes  the  ray  to  revolve  on  its 
"  axis,  as  long  as  it  is  under  the  influence  of  the  current,  in  the  same 
'^direction  as  that  in  wliich  the  current  is  passing."  It  will  be  easily  seen 
that  this  h»w  is  idenllrdf  with  that  previously  stated  respecting  the  rototing 
power  induced  by  tho  magnet. 

In  all  cases  it  is  fouFuJ  that  the  intertvisition  of  copper,  lead,  silver, 
and  other  ordinary  non-magnetic  bodies  in  the  course  of  the  iimgnetie 
curves,  either  between  the  fxtles  iind  the  diauiagnctic,  or  in  otlier  positions, 
prodtices  no  effect  on  the  phfiioinena,  I'itiier  in  kind  or  i!i  degn-e.  Iron 
affects  the  results  in  a  remarkabli^  degree;  but  it  always  apjx-ars  to 
act  either  by  altering  the  direction  of  the  magnetic  hnes  or  by  disposing 
of  their  forct-  within  itself. 

No  rotating  power  is  induced  liy  lines  of  eUctro-gfatk  tension. 

The  results  liere  described,  inii»ortant  as  they  are  in  themseh-es,  bc- 
c<:»me  still  more  so  when  viewed  in  connection  with  the  magnetic  condition 
of  all  matter,  as  devel'»ited  in  tlie^ilth  and  21st  scries  of  Fiitaday's  AV/ien- 
meutal  /iesemrhe^.  A  brief  abstract  of  these  reseaiches  will  be  found  at 
the  end  of  Chap.  III. 
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II.  Relations  of  Light  towards  Ponderable  Bodies. 

1.  Change*  produced  in  PontUrable  Bodies  by  tlu  Action  of  LigfU. 
Chemical  effects  of  LigfU. 

A.  Conibitiations  produced  by  the  Agency  nf  Light, 

n.  Chlorine  pas  dix>s  not  eoiuliifio  with  hydrogT?n  to  form  hydrochloric 
acid  gas  at  ordinary  tcnifK-raturea  and  in  the  dark,  btit  only  unJor  the 
ijitiin'iicc  of  lijflit  {'(iiiy-Lu8Kiu'  &  Tlieiiard):  according  to  Suubtick,  the 
conihiiiation  takes  |ilaci'  ntrili'r  white  or  lihiii,  but  not  under  red  glass. 
Nt'itlirr  does  8unlig-ht  traiistnif  ted  ihron^^h  bichromate  of  |K>taKh  ciTect  the 
coniliijiation.  (DnijxT:  vid.  Farmntion  of  Hudroihloric  Acid,  vol.  ii,  [).  319.) — 
b.  Clilorino  pis  combines  with  carbonic  oxide  g-a.s  otdy  umlcr  the  influence 
of  lifjl>t.  (J.  Davy.) — c.  Iodine  and  olt-riant  \i;\i»  combiiie  only  in  suiiHhine. 
(Faraday.) — '/.  Many  kinds  of  [ilate-g^lass,  which  liavc  only  a  faint  violet 
tint,  beconu'  pnrjihi  after  exi»8iire  to  light  for  a  year,  while  the  sanu!  -^laHS 
kejit  in  the  dark  retains  its  ori^cinal  pale  tint.  (Faraday,  <.ln.  J.  ff  Sc.  15, 
\CA-,  also  Pogg.  2-1,  3)*7.)  This  may  arisi>  from  a  hii^dn-r  oxidation  of  the 
manganese  contained  in  tlie  glaH8. — *■.  ITyaeiiiths  ox|>os4.'d  t^}  light  Insc 
their  reddish  tint  and  become  browner.  ((J.  F.  Kichter,  Fogg.  24,  380.) 
This  case  belongs  jH^rhapa  to  the  bead  of  decomiKjsitions. 

Ji,  Combinations  accompftnied  by  Decomjwsitions. 

a.  I'hoKjiborus  kept  in  various  gases  or  in  water,  is  ehangcil  in  the 
sunnhine  under  culourhss  nr  Miie  gla^s  (not  however,  or  but  very  shiwly, 
under  red)  into  red  Mxide  of  [iliosphorus.  (Boekmanii,  A.  Vogel.)  Heneo 
lig!it  brings  about  the  combination  of  the  |»liots[ihor»s  with  the  oxygeu 
of  the  siir  or  of  the  water. — b.  Chlorine  combiiu's  at  ordinary  temjn?ra- 
turea  with  tiie  hydrogen  of  water  and  lil>erutes  oxygen  gas,  but  only 
under  tlie  inlluencc  of  liglit. — Aijueourt  Hnlution  of  chloride  of  phitinunv 
mixed  with  lime-water  gives  a  precipitate  in  cnlourless  or  violet,  bnt  not 
in  re<l  or  yellow  light.  (Ilerschel.) — d.  Chlnrine  docomiJoses  light  CJir- 
burettcd  hydrogen  gas  When  moist,  fonniiig  hyilrotldoric  acid  and  car- 
bonic acid,  but  only  when  exixjwtl  to  light.  (W.  Henry.) — e.  Chlorine 
converts  the  oil  of  olctiant  gas  at  ordhuirj'  temi^'raturea  into  eldoride  of 
carbon  and  hydnu'ldoric  Jicid,  but  only  under  the  inJluence  of  light.  (Far* 
day.)—/.  The  oil  of  oletiant  gas  covered  with  water  and  phicetl  in  tho 
Hunsliine  is  resolved  into  hydrocldoric  a^-.id  and  acetic  ether.  (Mitseher 
lich.) — t'hhfrine  converts  ardiydroitfl  byilrocvanic  acid,  under  the  iidluencc 
of  the  sun's  rays,  into  liydrocblorie  acid  and-HoIid  chloride  of  cyanogen  ;  it 
also  deconi]M)se8  moist  cyaniile  of  uiercury  in  lUfferent  ways  accordingly 
as  light  is  coricx-rned  in  the  iuti<»n  or  not.  (Serulhw.) — h.  The  bnjwn  solu- 
tion of  ifKline  in    al«4i»hile  alcohol  saturated  with  sulphiurous   acid   gas 

Ldi^KNiitH  ervstalline   sulphur  wIhmi   exposed  to  sunshine.      (Diibcreiner, 

^PitunKa.  C'hem,  5.  72.) 

I.  Many  metallic  oxides  condtined  with  acidx  and  dissolved  in  alcohol 
or  other,  give  up  oxygen,  mdy  under  the  inthu-nee  of  light,  to  thi-Sij 
organic  linnids,  and  ure  thus  eitlier  brought  t<«  a  lower  degree  of  oxidation 
or  ivduce*!  t«)  the  metallic  stnte.  Yellow  hydnM-hlomlc  of  sesqui-oxiile  of 
uranium  di^uolved  in  ether  is  converted  by  light  iuto  prouipitutvd  d; 
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hydrocbUjrate  of  protoxide  of  urnuimn.  ((ichkMi.) — Ilydrciohltirato  of 
Besqui-oxitk' of  iron  dissolvi'd  in  pflu'rin  ro.solvcd  under  wliite  and  blue,  not 
under  red  fj^iasH,  into  hydrotblorato  of  [(rotoxide  of  invu.  (A.  Vogel.) — 
Kt'd  rttilpli-hydrocyanato  itf  Hcstnii-nxiih.'  of  iron  is  converted  into  colourless 
Buliih-liydrot;yaniiti*  of  |»rotrtxi«!i!  of  imn  (in  ihc  f()cun  of  a  ooncavo  mirror 
ill  a  few  miiiutes, — more  quickly  J>y  tbe  bluish  grocii  ray  of  the  spectrum 
tlian  by  any  othi-r — :iud  uvt-ii  by  the  light  <^f  an  Argiiiid  lamp  j^liieed  at 
the  diHtiUiee  of  an  inch.  (( Jrottliuss-Jh— Ilydrochloi-ate  of  protoxide  uf 
co[t|H:!r  dirfsolved  in  alcohol  or  ether  is  reduced  to  diehloride  of  eopjxjr. 
(Gehlen,  Neuniaun,  Svftw.  1:1,  S.T'K.) — Ilydrochloratc  of  protoxide  of  mer- 
cury (c<irr(wive  wubliniute)  is  converted  under  white  or  blue,  but  uot  mulcr 
red  glass,  inti)  eah^mel.  (A.  VitgeL) — Ilydroehlorute  of  oxide  of  gold 
dissolved  iu  ettver  or  alcohol  is  diseolomv;d  on  exjxi.snre  to  light,  and 
according  to  Grotthuss.  nioist  quickly  in  the  blue  ray,  tnetullic  gold  being 
Peparuted  ; — alno  hydroehlornt^-  of  "xide  of  pfatinuni  dissolved  in  ether 
deftosits  a  small  qnantity  of  platinum  when  ex|MisL'd  to  liglit,  and  ia  at  the 
same  time  consirierahlv  decolorized.  ((Jehlen.) — k.  The  red  aqneous  anln- 
tioii  of  oxalate  of  senqui-oxide  of  manganese  loses  its  colour  when  ex|MiHed 
to  Bunshine  (slowly  in  bine  ainl  violt:t  light)  and  is  converted  into  carbonic 
aad  and  oxalate  of  protoxide  of  inangaiu.'se.  (Dohereiner.) — Aqueous 
oxalate  of  fie<jni-oxid<^  of  iron  is  resolved,  when  oxfiosed  to  the  din^^t  riiys 
of  the  Bun,  into  carbonic  acid  and  oxalate  of  protoxide  of  iron.  Tho 
cliange  also  takes  [ilaee  in  viitlet  and  blue,  but  uui  in  yellow  or  red  Hght, 
neither  is  it  jimdnced  by  boiling.  (Dohereiner.)— Oxalic  acid  added  to 
aqueous  solutitui.sof  hydroeblorate  of  oxide  of  gold,  hydrochlorate  of  nxide 
of  jihitiiuun,  and  amnmnlo-chloride  of  iridium,  jirecipitates  the  metal  and 
generates  earbttnic  acid.  In  the  case  of  iridium,  the  action  cannot  Iwj 
replaced  by  that  of  a  boiUiig  heat.  (I>ijbereiner,  Sr/nr.  (j2,  iHi.) — An 
aqueoUH  solnlion  of  tartrate  of  sesqui-oxido  of  iron  and  ]>otash,  containing 
cop}K'r,  de]if*Hit.s  nietallic  cojiper  on  the  side  exjiosed  to  light.  (Elirmanit, 
Repcrt.  49,  1 12.) — /.  Many  tjther  organic  suhstunces  also  take  oxygen  from 
metallic  oxides  disHolved  in  acids,  only  w'lien  their  action  is  assisted  by 
light.  Thus,  charcoal  and  oils  precipitate  the  pure  metals  from  gold  and 
silx'er  solutions  oidy  wIk'u  exposed  to  ligltt  or  at  a  boiUng  heat.  (Rum- 
fonl.)  Linen  marked  with  nitrate  of  oxid(;  of  silver  blackens  only  when 
exposed  to  light.  Pajter  moistened  with  solution  of  gold  reddens  in 
presence  of  light, — and  likewise  in  [\\v.  ilurk,  when  it  litis  lieeti  cxjxised  to 
light  till  the  reddening  lias  commenced.     (Seebeck.) 

7/1.  Light  favours  the  combination  of  tlie  oxygen  of  the  atmosphere 
with  the  carbon  ami  hydrogen  of  organic  sulistances,  by  which  fltey  are 
more  or  less  deeonqiosed  and  altered.  In  this  manner  may  }x?  explained 
the  <lecol( nation  and  rotting  of  fabrics  coltmred  with  satUower,  logwood, 
Bmzil  Wiiiid,  tnniierie,  ami  woad  when  exposed  to  the  sun — an  effect  whii-li, 
according  bi  (jay-Lussac  <fc  Theiiard,  is  likewise  pnHhieed  in  the  dark 
by  heating  them  to  16b''-.-i;tlU"  (J.  with  access  of  air  [Clievreul's  invei;- 
tigntionHon  the  KOiaviour  of  tissues  or  faljiiendyed  with  various  colouring 
matters  and  placeii  in  diffen-nt  media:  vid.  Ann.  Chim.  Phi/s,  O*!,  71]; 
— the  decoloratiitn  of  the  [letals  of  Pap/ircr  Itlifiis,  which,  according  to 
A.Vogel,  takes  place  more  quickly  through  l>lue  than  through  white  glass; 
— the  blanching  of  tliebhie  Howr-rs  of  Ckhorium  si/lcestre,  which  takes  place 
more  ra[ii«lly  in  fine  than  iti  dull  weather  (Pajot  DeschaiiucH,  J.  Phi/n.  t);"j, 
112); — the'ilee<doration  of  the  green  tincture  obtained  by  digesting  tin; 
^^  green  leaves  of  plants  in  ulcolKd  (this  tincture,  according  to  Urotthuss 
^ft  retains  its  colour  longest  iu  the  blue-green  ray  of  the  8ix?ctrum) ; — tho 
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decoloration  nf  the  yellow  oils  of  linseed,  savin  and  peppermint,  and  the 
yclli>w  colouring  of  blue  oil  of  chamomile  and  colourlesH  ihI  of  tuqiontine. 
— In  A  similar  manner  may  also  be  explained  tlie  preen  coloiirin}^  of  yellow 
guiacum — either  pulverized  or  spread  u|iiiii  |>upiT  bv  means  of  an  alodiolic 
Bohitioit — when  exposed  either  to  cohmrlens  or  violet  light  in  a  glass  eon- 
taining-  air  or  oxygen  gas.  or  when  atrong-ly  heated,  whereas  concentrated 
red  lif^ht  restores  the  yellow  colour.  (Wollustou,  Gitb.  39,  291.)  [Seo 
also  rioi-schel,  Fhii.  Mag.  J.  22,  5.] 

n.  The  blue  solution  of  iodide  of  starch  in  water  is  completely  deco- 
lorized, with  development  of  hydriodic  add,  bv  enlouiless  light  and  by 
the  yellow  and  {^een  ray  of  tlie  8|XH'tnim  ^(in  tlie  fncus  of  a  concave  mir- 
ror, the  elfect  takes  place  in  a  few  minutes), — slightly  by  the  red  and  blue, 
and  not  at  all  by  the  violet,  the  last  on  the  contrary  comiteracting  the 
diciilori/ing  action  uf  tlayUght.     (Grotthuss.) 

0.  The  green  fiarts  of  Uving  phtnts,  under  the  influence  of  light 
decompose  carbonic  acid,  lilx'rating  oxygen  gas  from  it  and  retaining  the 
carbon,  which  enters  into  organic  combinations.  In  this  case  also  the 
violet  appears  to  be  the  most  active  of  the  coloured  rays,  whilst  under 
yellow  gliiss  plants  become  paler.  (Senuhier,  Tessier.)  Moonlight  and 
candle-light  appear  also,  according  to  Tessier  and  Vassalli,  to  have  some 
effect. 

C.  Decompositions  produced  by  Light. 

a.  Salts  containing  water  of  cr5'Htalliz.ation  lose  it  when  exposed  to 
the  sun  and  much  more  quickly  behind  blue  than  behind  red  glass. 
(A.  Vogel.) 

h.  Concentrated  nitric  acid  is  decomptised  by  exposure  to  light  (as  also 
by  a  red  heat)  into  oxygon  giis  and  hyponitric  acid,  NO*  (Schwle) ;  and 
acconling  to  Secbeck,  this  effect  is  produced  behind  white  and  blue,  but 
not  l»ehuid  orange-coloured  glass. 

c.  Many  metallic  oxides,  when  exposed  to  light,  give  up  the  whole  or  a 
part  of  their  oxygen,  and  are  resolved  into  pure  metal  ana  a  higher  oxide. 
Thus,  brown  jieroxide  of  lead  is  resolved  into  oxygen  gas  and  red  lead 
(the  latter  liccomes  of  a  darker  colour  by  the  long  coutinuud  action  of 
light;  the  cause  of  this  plit-nomenon  remains  to  be  discovered); — grey 
oxide  of  mercury  is  resolved  into  metallic  mei"cury  and  red  oxide ; — the  red 
oxide,  imder  water,  is  decoriiposnd,  aci;ording  ti»  SeeK'ck,  into  mercury, 
grey  oxide,  and  oxygen  gas,  firovided  that  tlie  light  comes  to  it  through 
colourless  or  blue  glass,  not  through  red;— (dry  red  oxide  of  mercury 
loses  in  fi>ur  numtlis,  under  colourless  glass  O'lt,  under  violet  0-.i,  under 
green  0*2  and  under  red  0"!  per  cent,  of  oxygen,  acqmring  at  the  samo 
time  a  grey  colour,  which  is  strongest  under  colourless,  and  scarcely  observ- 
able under  red  glass.  Ihdk.) — Oxide  of  silver  is  resolved  into  silver  and 
oxygen  gas ; — carbonate  of  silver  into  silver,  oxygen,  and  carbonic  a<.ud 
gas; — (pyroiJiostihate  of  silver  blackens  ou  ex|f)r>8urc  to  the  light);  oxide 
of  gold  into  gola  and  oxygen  gas.  (Sch<»ele.) — Manganic  aicid  dissolved 
in  water  and  exposed  to  sunahine,  slowly  deposits  peroxide  of  manganese, 
while  ox  \  -  is  8ft  free.     (Fromherz.) 

rf.  I'l  1  ii>  of  mercury  dissolved  in  water  is  resolved  in  stmshine 

into  diclilciiilc  ol  nj<'n:ury,  hydn>chloric  acid,  and  oxygen  gas.  (BoiUlay.) 
— Tenthloride  of  gold  dissolved  in  water  deposits  tlakcs  of  gold  when 
exposed  to  the  sun.     (Scheelc.) 

t.  Whilo  chloride  of  silver,  as  ubtuncd  by  precipitating  nitrate  of 
Bilvcr  witti  bydrocltluric  add  or  a  soluble  chloride,  cliangea  when  ox[io8cd 
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the  direct  rays  of  the  Bun  or  to  ordhiary  dayliglit,  first  to  violet  and 
then  to  lilack,  giving  up  at  the  same  time  a  |Mjrtinn  of  ilK  chlorine. — 
According  to  Vasalli,  thia  change  of  colour  takes  place  in  montihght  con- 
centrated by  a  jjowerful  lens, — but  according  to  Gay-Lussac  it  does  not. 
(Ann.  Chiin.  Ffn/s,  19,  215.) — The  chloride  of  silver  becomes  coloured  iu 
the  light  diffurtod  by  a  cylinder  of  lime  on  which  tlie  flame  of  a  spirit- 
lamp  fed  by  a  stream  of  oxygen  gns  in  directed.  (Dnimmtmd,  Ed.  J.  of 
Sc.  9,  SV3 ;  Poflff.  d,  172;  also  Schw.  48,  434.)— It  likewise  blackenti  in 
the  Ught  of  the  twyer  of  a  cast-iron  furnace  fed  with  coke.  (Mallet 
Phil.  M(i(f.  J.  14,  ili).)—\i  dooB  not  become  coloured  in  the  very  bright 
light  produced  by  the  combufition  of  olefiaut  gas.  (Bi-andc,  Ann.  Chinu 
Fhis.  ly,  205.) 

Chloride  of  eilver  precipitated  in  a  finely  divided  state  upon  paper  is 
pecuHarly  sensitive  to  the  action  of  light, 

Dnguerrts  Chloride  of  Silver  Paper. — Thin  or  unsized  paper  is  saturated, 
either  by  immersion  or  by  means  of  a  painting  brush,  witli  hydrf*hloric 
ether  wliich  has  bcoime  somewhat  acid  by  long  standing  ;  it  in  then  dried 
at  the  orditiarj'  temperature  of  the  air  or  a  little  above  it,  dipjied  in  a 
eolution  of  nitrate  of  silver — or  el^ie  the  solution  is  merely  applied  tcf  the 
Burface — and  dried  in  the  dark  at  a  very  gentle  heat  (l>ecauBe  while  yet 
damp,  it  is  not  blackened  by  tlie  calorific  rays  of  non-luminous  bodies)  and 
kepjt  closely  pressed  in  a  jM»rt folio  to  preserve  it  from  light  and  air.  This 
ju»lH'r,  wiien  exjxised  tn  day-Ught,  blaciens  very  quickly  :  its  sensibiUty  is 
diminished  by  age.  According  to  the  kind  of  jjapec  used  and  the  litiuid — 
ifcether  hydrochloric  ether  or  some  other  liquid  containing  chlorine — with 
.which  it  lias  been  wetted,  the  colours  produced  by  llie  light  exhibit  dif- 
ferent tones.  This  paper  blackeuH  hluwiy  am!  fuintly  in  tlie  ligiit  of  u 
Locatelli's  lamp  with  two  wicks ;  stilt  more  faintly  fmm  the  rays  of  iron 
heated  Iwlow  redness,  pro\'idetl  these  rays  have  not  passed  through  a 
glass-plate ;  not  by  the  rays  from  a  vessel  filled  with  boiling  water,  nor 
by  repeated  electric  discliarges.     (Biot.) 

TatittU's  Chloride  of  Silver  Paper. — Good  writing  }mper  is  steeped  in 
solution  of  common  salt,  wiped  dry  in  order  to  sprcjid  the  salt  uniformly 
over  it,  washed  *m  one  side  with  eolutitm  of  nitrate  of  silver,  and  dried  by 
the  lire.  The  pafier  loses  its  sensibility  in  a  few  weeks,  but  regains  it  on 
being  again  washed  with  nitrate  of  hilver,  and  in  a  still  higher  degree  by 
being  alternately  diitped  in  sohilion  of  cnmmini  salt,  moistened  wnth  nitrate 
.of  silver,  and  diied.  When  a  liglit-picture  has  l)een  pro<luced  on  this 
pajier,  it  is  immediately  watiilied  with  solution  of  common  salt  or  iodide  of 
|K}tassiuni,  tii  prevent  the  rest  of  the  paper  from  blackening. 

Paj^MiT  di])j»i.'d  in  solution  of  chloride  of  barium  and  afterwards  in  nitrate 
of  silver  is  very  su.scrplihle,  and  becomes  coloured  in  live  minutes  in  a 
fitrong  gas-light  flame,     (llnnt.) 

If  the  light  from  a  clouded  sky  lie  allowed  to  fall  on  Daguerre's  paper, 
either  directly  or  through  |»lates  of  ilifferent  ciilourlesw  bfttlies,  it  is  found 
that  the  blackening  is  least  diminished  when  the  plate  consists  of  gypsimi 
{Fraueueis);  then  follows  rock-crystal,  then  white,  then  colourless  glasB, 
and  lastly,  animal  gi-tatin.     {(ihs-papier.) 

When  sunlight  falls  on  chloride  of  silver  paper  after  passing  through 
glass  cisterns  containing  various  colourless  hcjuids,  the  blackeidng  is 
accelerated  if  the  cistern  contains  water  instead  of  air,  but  with  other 
fluids  it  is  either  retarded  or  unaltered.  If  the  retarding  influence  of  air 
be  aesumed  =  1,  that  of  water  =  O'TtHu;  of  hydrochloric  acid  of  ep.  gr. 
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1*1007,  it  18  equal  to  1-2344;  of  nitric  acid  of  I'S/iS  sp.  gr.  it  is  1-4872; 

of  sulpliidc  of  carbon  1  •41)04;  of  oil  of  cojmiba  1-7044;  of  oil  of  turjxjn- 
tine  l-7tU4;  of  liydrolxTizoyl  2"On34;  of  nil  of  lemon  2*82o8;  of  oil  of 
roBoiriary  3'0172  ;  of  oil  of  lavender  3-1405;  and  of  creosote  3-i>597.  No 
action  is  exerted  by  g'liicial  acetic  acid,  wo(»d -spirit,  acetate  of  methyl, 
Ix'nzoatc  of  methyl,  absolute  ulcohol,  etlier,  oxalic  ether,  acetic  ether, 
acetone,  oil  of  oleliant  fjas,  or  chloride  nf  tienzoyl.     (MalagTiti.) 

Of  all  substances  hitherto  exaniiired,  the  ftillowiiig  give  the  freest 
passage  to  the  chemical  rays:  Air  and  other  colourless  giises,  a<|ueou8 
vapour,  water,  alcohol,  and  ether. — Then  follow  :  (2).  Oil  of  vilriol,  nitric 
6cid,  nitre,  carbonate  of  soda,  double  refrncfiug  sfiar,  En{:^lish  plate-glass, 
nqneous  hydnx-ysiriic  acid,  and  cunifihor. — (3).  Tlie  vapours  of  i^idine  and 
hyponitric  acid — alum,  red  Ihior-spar,  cn>wn-g^la8.s,  (lint-glans,  French  and 
tiermau  plat<'-glass,  inicu,  and  g^iun-arahic.— (1).  Other  kinds  of  plate, 
flint,  and  crown-glass,  green  fluor-spar,  creosote,  oils  of  anise,  caraway, 
]>epjxM-tnint,  lavender,  rosenuiry,  savine,  and  cloves,  Canada  balsam  and 
oiiilxT. — (o).  Least  pervious  to  the  clieniical  rays  are  groeu  bottle-glass, 
chlorine  gas,  f^eroxide  of  c!dorine,  vapour  of  bromine,  liquid  bromine,  and 
glass  slightly  smoked.     (Hunt.) 

Of  all  the  rays  of  the  sjicrtrum,  the  violet  has  the  greatest  blackening 
power.  (Scheele,  I  oh  da-  Luft  uw!  dan  Fmer,  72.)  When  paper  c^ivered 
with  chloride  of  silver  is  ex|M-)sed  to  the  luininoiis  8|>iV.tnim,  it  liecomes 
reddish  brown  beyond  and  in  the  violet  rays,  blue  or  bluish  grey  in  the 
blue,  very  slightly  yellow  or  nc»t  at  all  coloured  in  the  yellow,  reddish  in 
the  rod,  faintly  reddisli  beyond  the  red  ; — moreover,  with  flint-glass  prismn, 
which  give  the  maximum  of  heating  [tower  beyond  the  red  ray,  the  red- 
dening of  the  chloride  of  silver  also  takes  place  beyond  the  red.  (Seelierk.) 
(Chloride  of  silver  which  has  booorae  groy  from  oxiK»surci  to  daylight, 
turns  paler  and  reddish  after  a  time  in  the  red  ray ;  in  tlie  red  produced 
by  the  union  t>f  the  violet  of  one  sj)ectnun  with  the  red  of  another,  the 
chloride  of  silver  Incomes  of  a  In^autiful  crimson  red.  (Seebeck.) — The  part 
of  the  sfx.'ctnim  from  the  red  to  the  gi-een,  concentrated  by  a  lens,  gives 
ft  da/.zliug  ff»eii8  wliich  dot'S  not  blacken  chloride  of  silver,  even  in  two 
hours.     (lJ«>rard.) 

The  B|jectrum  likewise  exhibits  chemical  effects  beyond  the  violet  ray, 
as  was  discovered  by  Ritter  and  estal>lishe<l  by  WoUaston.  According  to 
Ih-rard,  the  extreme  edge  of  the  violet  shows  the  strongest  chcTuical  action. 
The  fitUowing  ex|)eriments  however  show  that  the  point  of  greatest  action 
varies  with  the  nature  of  the  prism. 

AMieu  the  rays  of  the  sun  are  made  to  fall  by  means  of  a  holiostat 
through  prisms  of  different  kituls,  on  jiajx-r  which  has  boon  moistened 
with  gum-water  and  then  sprinkled  with  j>«-)wdercd  chloride  of  silver,  the 
bliwkening  takes  place  witii  different  degrees  of  quickness  and  extends 
over  different  spaces,  according  to  the  nature  of  the  prism  :  the  maximum 
effect  is  also  pnKiuced  at  diffeirnt  jxirts  r»f  the  spectrum. 

Bb.  denotes  bright  blue;  HI.  blue;  V.  violet;  E.  edge  of  tlie  violet; 
D.  dark  sjiacte  In-yoiiil  the  violet ;  Bd,  border. 

A.  Material  of  the  prism. — B.  Time  at  which  the  blackening  lK>ginfl, — 
C-  lutennity  of  blackening. — D.  Extent  in  tiiie«  of  tlw;  blackening. — E. 
fionndaries  of  the  blackouing.-^\  Point  of  greatest  blackening. 
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From  this  it  api>oar9  that  thy  position  of  the  maximum  of  bltickcniog 
dejK?ni!s,  uoithor  on  the  density  (if  the  refracting  medium  nor  on  its  refrac- 
tive iir  diHjKTBive  [K»\ver.     (Ilesslcr.) 

Clilttride  of  silver  hliiekeiis  utuler  violet,  hhie,  and  hluisli  green  glasses; 
TindiT  yelluwish  green  and  yelLnv  ghisHes  it  renniins  ahnont  uiichanged ; 
under  oraiige-colmired  ginsis  it  iierruireB  only  tv  fiiint  red  tint  !if(<'r  a  eon- 
sidorable  time  ;  chhiride  of  silver  lilackened  l>y  light  sonn  becomes  lighter 
and  of  a  dirty  yellow  ur  red  colour  when  placed  under  orange-coloured 
glass.     (SeelHH,'k.) 

Chluride  of  silver  paper  does  not  l>cc<ime  coloureil  in  sutiliglit  wlu'eh 
ha.s  jnvssed  tliningh  the  following'  yellow  lif[uidB,  even  when  it  is  cnnceu- 
trated  by  a  Icna:  solution  of  neutral  chromatc  of  ]>otaah,  of  rjuinlo-sul- 
phide  of  ammonium,  of  quinto-sul|)hide  of  cnlcium,  of  sesqiii-chloride  of 
iron,  of  terchloride  of  gold,  or  hifhhiride  of  |)latiiiuui,  iilso  yeUow  vcgetitble 
infusions.  Under  a  solution  of  bichromate  of  iK>tash,  it  becomes  in  live 
days  of  a  pale  yellow  green;  under  a  Bdhitinn  *.if  red  fcrrocyanide  of 
pt>ta88ium,  it  lx>comc8  of  a  tile-red  ;  and  under  ammoniuret  of  ctjpper,  of  a 
greenish  brown  tint.     (DrajHT,  P/nl.  Mag.  ./.  16.  81.) 

According  to  the  nature  of  the  chli)ridc  used  to  saturate  the  paper, 
which  i.s  aftcrwurdH  dipi>ed  in  s^ilver-snlution,  the  chloride  of  silver  acquires 
various  colours  imder  different  coloured  glasses : 


Under  l>lue 

green 

yellow 

red  glass : 

Salammoniac     .... 

oliTo  brown 

pale  brown 

brown 

deep  orange 

Chloride  of  [lotasaiiim    . 

bripht  purple 

sky  blue 

briKlit  violet 

red 

Chloride  of  Hodiiim    .    . 

purple 

bhic 

viol ft 

rod-brown 

Chloride  of  barium     .    . 

]>urplo 

black 

red  brown 

pale  xtA. 

Chloride  of  calcium    .    . 

rirh  violet 

pale  blue 

blue 

reddiah 

Chloride  of  maiignncae . 

rii'li  brovm 

redtlit-b 

pale  roM 

yellow 

I'roto-cblor.  iron     .    .    . 

red 

colourless 

palo  red 

leaden 

Benqnl-chlor.  iron  .    .    . 

blue 

jellowiiab 

Btraw-ooloured 

yeUow  green 

Paj>er  prepared  with  chloride  of  barium  is  coloured  yellow  by  light 
whirli  jiasses  through  chlorine  gtis,  and  red  by  that  whieh  passes  through 
vapour  f»f  by|ionifric  iicid.  Light  jiassing  tliroupfh  bromiuo  vapour  does 
not  colour  pajH-r  prepared  with  sal-ammoniac.    (Jlxmt.) 
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When  papers  of  tliis  kind  hnvc  teen  blaokenod  by  colourless  sunlight, 
they  ainjuiro,  when  exposed  to  it  for  several  days  under  coloui'ed  glaBses, 
the  follitwing  tints : 


Colouring 

produced  by 

fioloiirleu  light. 

TJodor  bine        green 

yellow. 

red  gloss. 

Al^BBiooiac  . 
VKKMrteriam  . 
Chlorine-wftlcr . 
Chlorine-watcr 
uid  potMb 

red  browu 
dark  brown 
ricb  brown 
greenigli  brown 

otiye  green 
dark  brown 
bluish  blitrk 
black  brown 

dark  green 
dir».y 
darker 
darker 

dirtf  yellow 
grfcnish  brown 
darker 
btuiah 

red 
red 

dueky  red 
reddened 

On  further  exposure,  other  coloiu^  are  also  developed.     (Hunt.) 

Broinido  and  iodide  of  silver  are  affected  by  light  much  in  the  same 
way  as  th(.'  ehioride. 

Iodide  of  silver  precipit.'itcd  by  iodide  of  pntaKsium  from  nitrate  of 
silver,  waKhed  and  drii-d,  blackens  slowly  when  exjHJsed  to  light,  remains 
colourless  in  the  dark  when  dry,  but  if  wetted  rosumea  its  yellow  colour 
in  the  dark.     (Ilunt.) 

Daguerre'n  liromide  of  Silrer  Paper,  Tho  papiT  i.s  first  «prcad  ovor  with 
Bolntioii  of  silver,  then  with  snlntioii  of  broniido  nf  potassium,  then  again 
with  solution  of  silver,  and  dried  after  each  ojteratioii.  This  jmper  Ls 
insensible  to  heat,  but  very  sousitive  tn  IJglit,  in  which  it  Ix'comes  coloured 
fii-st  bluish  green,  then  olive  gieen,  and  linally  ahnost  black. 

Hunt's  Iodide  of  Silref  Paper.  The  pajx'r  is  first  nioisl'Ciied  with  a 
solution  of  iodide  of  potassium  in  48  parts  of  water,  tticn  with  a  solution 
of  1  part  of  nitrate  of  silver  in  58  par(»  of  water.  Tliis  paper  is  very 
delicate.  Iti  white  light  it  Ix'Comes  brown  ;  under  solution  of  animoniuret 
of  copficr,  a  rich  light  blue  ;  under  sohilion  of  acetate  of  copper,  brown; 
under  sohUiou  of  sesqui -chloride  of  iron,  green ;  and  uudur  solution  of 
cannine  iu  aqueous  aimuonia,  browu-red.    (Huut.) 

^  Tdlbofa  CuloUfpe  Proceiu. — A  sheet  of  the  best  writing  paper  of 
sra*x)th  surface  and  cktse,  oven  texture,  is  washed  by  means  of  a  soft  bnish 
with  a  solution  of  o(>  gi-.  of  crystallized  nitrate  ttf  silver  in  one  ounce  of 
distilled  water  and  then  dried — either  by  holding  it  at  some  distance  before 
a  fire,  or  by  spontaneous  eviiporation  in  a  dark  room.  AMicn  dry  or 
nearly  so,  it  is  immersed  for  two  or  throe  minutes  in  a  solution  of  iodide 
of  potassium,  containing  500  grains  of  that  salt  in  a  pint  of  water.  It  is 
then  immersed  in  water  for  a  quarter  of  an  hour,  lightly  dried  witli  blot- 
ting {)a|)er,  and  the  drying  completed  by  holditig  it  near  a  fire.  All  these 
ojx^rations  are  best  performed  by  randJe  light.  The  })af»er  Ihus  prcfMired 
is  called  iodized  paj^ter;  it  is  not  sensitive  to  Jight.  and  iriay  la*  prest*rved 
for  any  length  of  time  without  change.  Wln-ri  required  for  use,  it  is  to 
be  wanhcd  with  a  lifpn'd  j>repared  by  dissolving  ICK)  gr.  of  crj'staliized 
nitrate  of  silver  in  2  oz.  of  distilled  water,  adding  to  the  solution  its  own 
volume  of  strong  acetic  acid,  and  mixing  the  liquid  thus  forme<l  with  from 
one  to  twenty  volumes  of  a  saturated  solutitm  rif  crystallized  gallic  acid 
in  cold  distilled  water.  It  is  l»e8t  to  mix  these  liquids  in  small  quitntitioe 
at  a  time,  as  tlie  mixture  does  not  keeji  long  without  spoiling.  This  solu- 
tion (which  Mr.  TalKit  calls  the  gaUo-nitrate  of  silver)  is  to  be  washed 
over  the  ^\nit  on  the  side  previously  iodized,  and  after  the  liquid  has 
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lowed  to  remain  on  it  for  hiilf  a  minute,  it  must  Ivc  dried  lighlly 
wit!)  lil(>tUn>;;  j>a[ier.  This  npenition  ri-ijuireR  tiie  total  cxi-liiMiiPi]  nf 
diiylig'ht.  The  piijior  [ircpiirt'd  in  Hjis  niaimor  is  exi|ui»itelj  sonsitive, 
exiHisiirL' iif  less  than  a  secnud  to  iliffuscd  dnylight  being  qiute  sufficient 
to  |n-<ifiiice  a  decideil  effect  ujxm  it. 

The  eah)tyiK'  jiiiper  tn;iy  hv  used  for  laking  portrsiits  from  the  h'fe  hy 
means  of  tlie  camera  oliseuni.  It  is  t!ie  only  jm|H"r  yet  discovered  suffi- 
ciently Hfusitive  for  this  ]iuri>ose.  When  iini|K'rly  tire|>arcd»  it  yields 
pictures  of  t-xquisite  l>eiiuty  and  tidelJIy.  It  likewise  serves  for  taking' 
repreHeutatious  of  bmliiliiips,  scenery,  &.c.  The  picture,  as  lirst  produei-d, 
is  gc'iicrally  hitt-nt  and  invisilih',  hut  may  liu  Iminglit  out  iiimiediaJely  by 
again  washing  the  7>ai>er  with  a  mixture  of  ]  pari  t if  the  silver  sohnion 
with  3  jiarts  i>f  (he  saturated  sulutiun  of  galhe  uetd.  In  euld  weatlier, 
tlie  ilevelopuicnt  of  the  [Meture  may  be  accelerated  by  holding  it  over  a 
basil)  (if  hut  water. — TIil'  picture  being  thus  obtained,  it  is  to  be  fixed 
by  washing  in  t.k-an  watrr,  lightly  drying  between  blntiing  paper,  and 
then  washing  it  nver  with  a  solution  uf  l>n)mi<te  of  potassium,  containing 
100  gr.  of  that  salt  in  8  or  10  ounces  of  water:  after  a  luinule  or  two,  it 
is  to  be  again  well  washed  with  water  and  !hcti  Jinally  drietl.  Where 
bromide  of  pitassinm  is  nut  at  hand,  a  strong  solution  of  c^'mmoJl  salt 
may  lie  used  in  its  stead. 

The  ciiIoty(x.'  jiieture  is  a  negative  one, — put  positive  cnpies  may  bo 
obt^iined  frnm  it  liy  placing  it  with  its  face  against  the  sensitive  side  of  a 
piece  of  ordiiiaiy  pliotograj>hie  jjajier  (Talbot's  chloriile  <if  silvi/r  tM]}Cr 
already  dt'scril>ed),  jireRsing  tt  into  close  contact  by  a  board  bchiw  and  a 
glass  above,  and  exjioKiug  it  btr  a  short  time  to  good  smishine. — A  more 
Bcnsitive  coijjdng  ]ia|>er  may  be  ])ru|j;ircd  by  soaking  lutter  imjicr  for  a 
muiute  in  a  solution  of  salt  and  water — one  oz.  of  salt  to  a  gallon  of 
water — dryuig  it,  and  then  washing  it  over  with  a  mixture  made  by 
adding  U_t  a  snlution  of  70  grains  nf  nitrate  of  silver  in  an  ounce  uf  water 
Buflicient  caustJc  amaioiua  to  nearly  redissolve  the  precipitate  at  finst 
pniduced. — The  positive  pietures  are  fixed  by  washing  iu  water  and 
inuuersion  for  ten  minntea  in  a  solution  of  hypisulpliite  of  soda  (I  oz.  to 
&  pint  of  water) — then  finally  washing  and  dryuig. 

Since  the  ealotyi>e  was  first  patented,  some  further  improvements 
have  been  made  by  Mr.  Talbot,  among  which  may  be  mentioned :  1.  The 
temoval  of  the  yellowish  tint  of  the  iodide  of  silver  from  the  pajM-r,  by 
immeraing  the  picture  for  about  (en  tniiuites  in  a  bath  consisting  of  a 
BohUion  of  hyposulphite  of  soda  in  ten  times  its  weight  of  water  aud 
heated  nearly  to  llie  ln)iling  point, —  then  well  washing  and  drying  it. 
{A  stronger  solution  of  the  hyposulphite  may  also  bo  nsed  cold,  the  jiayicr 
being  immersed  in  it  for  a  longer  time  :  this  will  be  found  the  more  con- 
venient method  of  the  two.]  After  this,  the  picture  is  jilaecd  upon  a  hot 
iron  and  wax  melted  into  its  pores  to  increase  its  trauspareniy.  The 
excess  of  wax  is  removed  by  pressing  lietween  blotting  jiajn-r  with  a  hut 
iron. — 2.  Renilering  the  calotyjH.'  pajn'r  more  sensitive  by  [jlacing  a  wami 
mm  behind  it  itv  the  camera  while  the  light  is  acting  itix^n  it. — }!.  The 
improvement  of  photngraphic  drawings  by  exjxvsing  them  twice  the  usual 
time  t<i  the  action  of  sunlight.  The  shadows  art*  thus  rendered  too  dark 
and  ttie  hghts  are  not  sufticiently  white.  The  drawing  is  then  washed, 
and  plunged  into  a  Iniilh  of  imli«le  of  potassium  of  the  strength  of  500 
.grains  to  a  pint  of  water,  and  allowed  to  remain  in  it  f"ir  a  minute  or  two, 
"Which  makes  the  picture  brighter  and  causes  its  Ughts  to  assume  a  pale 
yellow  tint.    It  is  then  washed,  and  inunersod  in  a  hot  bath  of  hy|K»8ul- 
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phite  of  soda,  till  the  ptile  yellow  tint 


removed  and  the  lij 
quite  white.     The    pictui'es  thus  Ihiisliod  !iavo  a  pl^asiiig  and  peculiar 
effect,     [For  tlie  otlier  itiii>niVLMiierits,  vul.  limit's  Itf.ieanlie^  on  Li<jht.'] 

Variims  otlior  prrxxiRscs  have  likewise  Ikhii  di'vised  for  taking-  siin- 
pictures  on  paper.  Sir  Juhn  Tlerschel  has  ubtained  buhic  remarkable 
results  with  paper  washed  with  snlution  nf  ajunintiiii-cilrale  of  iron. 
Paper  thus  prc|>ared  is  ^■ery  geiisitivc  to  light,  hut  the  picturcK  impressed 
U|x)n  it  are  faint  and  sonietimt's  8t:arcely  ^'islhlt):  they  may  however  be 
bnuight  out  very  8trou>?ly  and  dearly  by  washing  tlie  pa|K"r,  after  exj 
sure  to  light,  with  various  hquida,  e.ij.  a  neutral  aohition  of  gold  (C'/n 
tifp«) — and  various compoundH  of  tiyariogeii,  ferroe^'anidc  of  iwitJUSHium,  < 
{(■i/anoft/pe).  These  processes  will  be  found  fully  deseribed  in  Sir  John 
Ilerschd's  nieuioirB  {I'/iU.  Tran.-*.  iy42,  II,  iai,"and  1843,  I,  1),  also  in 
lluiil's  Iic.<iiarc/ie3  on  Light,  pp.  137 — 149.  The  latter  work  hkewiso 
contains  a  detailed  account  of  the  action  of  lig-lit  on  variouK  oompounda  of 
silver,  also  on  salts  of  gold,  platiuuxri,  niereuiy,  iron,  copt>er,  manganese, 
lead,  nickel,  tin,  cobalt,  anlinmny,  and  clirnmiuiit. — The  caloh/pe  process 
18  however  the  only  one  which  has  been  brought  into  actual  use  for 
obtaining  suu-pictures  ou  jMiper.     % 

Do<jnnrcitif)u'.  A  nilvercd  copjier  pdato  is  carefully  polishod  wit 
pimiice-stone,  dilute  nitric  acid,  and  cotton,  and  placed  in  a  box  at  the 
ordinary  teui|K,'mlure  over  iinline,  till  the  viipours  of  the  iodine  have 
covered  it  with  a  ycUow  film  of  icMiide  of  silver.  It  is  then  placed  for 
gorao  miuuloR  in  the  camera  obscura,  which  allows  the  illumijnited  picture 
of  an  object  to  fall  upon  the  place.  (The  light  which  falls  on  the  |»late 
probably  separates  iodine  from  the  iodide  of  tiilver  and  sets  silver  free, 
chiefly  *)n  those  parts  where  its  action  is  most  iiitenso.)  The  jjjlate,  on 
which  no  alteration  is  perceptible,  is  now  jilaced  in  a  dark  covered  box  at 
an  angU>  of  45^  over  a  vessel  containing  mercury  heated  to  75°  C.  (167* 
Fah.)  till  the  desired  shuding  is  j»roduced.  (The  mercury  which  rises  in 
vapour  does  not  adhere  to  the  [xirtion  of  the  surface  covered  with  unde- 
composed  iodide  of  silver,  but  tmly  to  the  silver  which  lm»  been  set  free 
by  the  action  t>f  light,  with  which  it  forms  an  auialgarn  in  droj*  alxuit-^^ 
aiillinieire  in  diameter.  Lastly,  the  plate  is  immersed  in  a  solution  of 
hyposul])hite  of  soda,  then  washed  with  hot  water  and  dried.  (Dagucrre.) 
-— -(The  hy|K>snlphite  of  scKla  dissolves  all  the  iodide  of  silver ;  conaequeutly, 
on  those  parts  of  the  plate  on  which  the  Ught  in  the  camera  obscura  has 
not  acted,  there  renmins  clean  polisiie<l  silver,  which,  when  the  light  falls 
properly  upon  it^  apfH^-ars  black:  tni  the  other  parts,  accoi-diug  to  the 
Uitcnsity  with  which  the  Ught  has  acted  on  tlieiii,  there  exist  variooa 
DumlK'rn  of  amalgamated  globuU's,  which,  by  their  greater  brightaesOf 
bring  out  the  contrast  of  the  picture.) — If  a  plate  of  silver  ftotished  m 
ttliovc  be  jjartly  covered  with  pnqKT  and  expfvsed  tti  vaj>oiir  of  meriMiry, 
the  same  contrast  is  seen  ou  renniving  the  pajfcr.  (Fyfc.) — If  the  iudiiied 
plate  he  covered  with  different  c<iloured  glass  plates  and  then  introduced 
into  the  camera  obKcura,  a  {jcrfect  jiicture  will  W  obtained  with  blue 
glaaa,  a  tMloral>Iy  gixKl  i)no  with  yellow,  and  none  at  all  with  red  or  green, 
Ammoniuret  of  copy>er  acts  like  blue  glass,  ses(pu-chloride  of  iron  like 
yellow,  aci'late  of  copjier  hke  green ;  on  the  other  hand,  the  red  solution 
of  cannine  in  anuuonia  gives  a  faint  picture  in  which  the  mercury  exhibits 
a  red  colour.  (Hunt.)— Instead  of  the  tedious  f»ohshing  of  tlie  plate  with 
nitric  acid  and  pumice-stone,  it  may  also  !»•  gently  rublted  with  an 
aquoouM  solution  of  iodide  of  potaasium  containing  a  little  excess  of  iodine^ 
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tilJ  at!  tlie  f&rtn  ure  oqually  iittackoil,  tlit'ii  exposed  to  the  lijjflit  for  eoiue 
minutes  ami  |iiiSislii'd  with  ihy  cotton.  (IIuiit.)~If  the  plate  l>e  exijivsed 
t<i  the  vaiKmrii  t^f  chK)ruie,  bromuK-,  Ac.  of  imhiie,  inslead  nf  tlioKo  <jf  pure 
ifMliao,  it  recjuires  but  a  few  siiconds'  Uhiniiiuitiou  in  Xho  cuuieia,  mhI  thus 
becoaaes  adapted  for  taking-  p<jrtraita.  (Berres.) — lu  order  to  filduin 
more  distinct  tihailing;,  Fi/t-uu  Hpreads  v\\Mni  the  i>late  prepared  by 
Daguerre'fi  naethod,  a  solution  of  1  part  of  chloride  of  gold  and  3  riarls  of 
hyposulphite  of  soda  in  KXHl  parts  t^f  water,  and  heats  it  gently  fur  a 
minute  or  two.  The  guld  which  in  precipitated  from  the  silver  imparts  a 
deejuT  hlaek  to  it;  the  merctiiy  which  conil»ineH  with  it  makes  the  colour 
diU'kcr  and  mow  stable.     [  Vid,  also  Dftg^uenv,  Fogg.  62,  80.] 

^  TlKTrmogrophij.  Moser  {Pogg.  5G,  177)  has  shown  tliat :  A  surface 
whtfA  has  been  toucJied  hi/  a  boJtf  in  any  pttrtlcular  purt,  acquires  the  pro- 
jyerty  of  precipitating  nil  vapourn  that  mail  atUitte  to  it  or  which  combine 
chemicaUtf  with  it  on  those  partu^  difftrenthf  to  ukut  it  does  on  the  untouched 
parts. — ThuB,  if  we  wnte  on  glass  with  any  substance  tbat  will  not 
scratch  the  surface,  and  then  breathe  iipt.in  it,  the  writing  becomes  visible. 
Again,  on  placing'  coiim  ujK>n  a  plate  of  glass  or  metal,  and  allowing  them 
to  remain  in  contJK;t  for  some  liouns,  no  change  ia  visible  when  tliey  are 
removed:  but  by  breathing'  on  the  plate,  or  exposing  it  to  any  vapour 
(that  of  mercury  or  iodine  for  instance),  beaut iftil  images  of  the  coins  arc 
produced.  Absolute  c<»ntaet  is  nut  neeessarv  for  the  (irnductiim  of  these 
imagxis:  mere  pioximity  is  sufiQcient.  The  general  law  of  tlie  jiheno- 
Iiiennn  niay  IX'  tlnis  exjiressed  '*  When  two  Itodies  are  sujjicientbj  ap~ 
proj-imatcd,  thcif  vmtuidhf  dejtict  each  other."  Moser  attributes  this  effect 
U)  the  action  of  raj's  of  Ugl>t  whidi  are  injpercepLible  to  our  eyes,  and 
applies  to  these  rays  the  somewhat  paradoxical  appellation  of  *'  Jninsihle 
Light." — Iluut,  ivho  has  examined  these  phenomena  with  great  care,  finds 
that  to  produce  good  imi'ressions  of  coins,  &c.  on  nietjd  plates,  it  is 
necessary  to  use  dimmilar  metuh.  Thus,  wlien  a  sovereign,  a  shilling,  a 
large  silver  medal,  and  a  penny  ■were  placi'd  npon  a  polished  copper 
pluto,  the  plate  gently  warmed  by  jiassing  a  ejiiiit-lautp  under  its  suriacc, 
and  when  cold  ex|Ki8ed  to  the  vapour  of  mercury',  each  piece  had  made 
its  iutftression, — hut  those  made  Ity  the  gold  and  the  large  medal  were 
the  most  distinct,  tlio  h'ttering  being  co]iied  as  well  as  tlie  disc  traced 
out.  Impressions  of  still  greater  thstuictness  were  obtained  when  the 
plate  was  more  strongly  hcatjcd. 

These  exj^rinients  seem  to  show  that  the  ciiloriflc  relations  of  the 

metals  materially  iiillnenco  the  result ;  and  this  is  more  strikingly  shown 

by  the  fnlhiwing  amingements, — Pieces  of  blue,  red,  and  orange-colinu-ed 

glass,  also  of  crown  and  tlint  glass,  mica,  and  a  square  of  tracing  jiajxir, 

being  laid  fnr  half  an  hour  on  a  ptlato  of  copper,  the  space  occupied  by  the 

red  glass  was  found  t«»  be  well  market!,  that  covered  by  the  oiung*;  glass 

was  less  distuict,  but  J-he  blue  glass  left  no  im{)reK8ion.     The  shajx;s  of 

the  flint  and  crown  glass  were  well  ntade  out,  and  a  remarkably  strong" 

impression  was  left  where  the  crown  glass  rested  on  the  tracing  pajK-r,  but 

the  mica  had  not  left  any  mipressii>n.     The  same  glasses,  together  with  a 

piece  of  well  sim/ked  glass,  were   placed  for  half  an  lumr,  -J^  of  an  inch 

below  a  polished  plate  of  c<.»pfH'r.     Va|>r>ur  nf  mercury  brought   out  tho 

^  image  of  the  smoked  glass  unly. — All  these  glasses  were  placed  on  tlio 

^■copper  and  sliglitly  warmed.     The  red  and  smoked  glasses  gave,  after 

^BTai)orizati(ni,  equally  distinct  imagCB :  the  orange  the  next :  the  others 
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left  bat  faint  mnrks  of  their  forme.     Polishing  with  Tripoli  and  putty 
powder  would  not  rcmoA'C  tlic  images  of  the  smoked  and  red  glasseB, 

The  same  coKmred  gbsses,  &c.,  were  placed,  together  with  a  thick 

Siece  of  charcoal,  ujion  a  plate  of  copper  and  oxfM-ised  to  fervent  sunshine;, 
lercurial  vap«5ur  brought  out  the  imagcH  in  tiie  following  order :  Smoked 
glaHs,  crown  glass,  red  glass,  mica,  orange  glass,  paper,  charcoal,  the 
coin,  bhie  glass, — thus  distinctly  proving  that  the  only  niys  which  had 
any  influence  on  the  metal  were  the  calorific  rays.  For  this  reason,  Mr. 
Hunt  ajjplies  the  term  Thermography  to  the  production  of  images  in  this 
manner. 

The  thermographic  process  is  a[>plicable  to  the  copying  of  engravings. 
An  account  of  the  method  will  be  found  in  Hunt's  Jiesearcheg  on  Light, 
p.  233.  The  same  w^^irk,  pp.  211* — 242,  also  contains  a  variety  of  other 
interesting  details  relating  to  this  cmious  mode  of  action.  [5«  also  Ann, 
Pharm.  48,  164.]     ^ 

Solar  light  may  be  supposed  to  consist  of  three  kinds  of  rays, — the 
heatititj,  tlie  luminous  and  coUmred,  and  the  chemical  rays, — the  first  of 
which  are  the  least  aud  the  last  the  most  refrangible.  According  to  this 
view,  the  light  of  the  sun  refracted  by  a  prism  produces  three  spectra:  in 
the  middle,  the  li;/ht  awi  colour  xjwlnim  ;  on  tht;  one  side,  the  heat  itpec- 
truui  with  its  nmxiinuni  in  the  neighlH)urluH>d  of  the  red;  and  on  the 
other,  the  cheiniral  xpctiru nt  with  its  muxinuini  in  thf  neigltbovirhoo<l  of 
the  violet.  The  rays  from  the  green  to  the  red  likewise  exhibit  chemical 
action,  injisirmch  as  they  impart  a  Konifwtmt  tighter  colour  to  chloride  of 
silver:  but  on  the  otiier  hand,  tlK-y  seem  to  exhibit  an  action  contrary  to 
that  of  the  chemical  rays,  since  they  remove  the  blackening  from  chloride 
of  silver  which  has  been  acted  upon  by  white  light,  ami  instantly  destroy 
the  ix>wer  of  magnets  formed  by  the  action  of  light. — The  assertion  of 
Gnrtthuss,  that  blue  iodide  of  starch  is  most  ouickly  decolorized  by 
yellow  and  green  light,  and  the  blood-red  alcoholic  sohition  of  sulpho- 
cyanide  of  inm  by  blue  and  grwn  light  (from  which  he  concludes  that  a 
ray  nf  coloured  light  most  easily  decolorizes  siibstances  of  op]x>8itc  hoe, 
an<l  endeavours  Ut  impart  its  own  colour  to  them)  requires  further  exami- 
nation, inasmuch  as  it  is  op{M)sed  to  the  exj^terience  of  other  observers. 
The  same  may  In;  said  of  Sir  II.  Davy's  assertion  (Elan.  1,  187)  that  the 
red  ray  acts  on  a  mixture  of  chlorine  and  hydrogen  gases  aud  on  wet 
peroxide  of  lead,  mon;  [K)werfulty  than  tlie  other  cntoured  ruya 

SintT  the  cliemiral  rays  of  light  often  cause  the  sejiaration  of  oxygen 
from  metals,  they  have  been  called  de-oxiilizinf},  aud  those  towards  the  red 
end  of  the  siM'ctrum,  oxidizing  rays  ;  incorrectly  however,  since  the 
chemical  rays  also  bring  about  the  combination  of  oiygon  with  guiacum 
aud  colouring  matters,  of  cldorine  with  hydrogen,  &e. 

Many  of  the  changes  [troduced  by  light  tiiay  also  be  brought  about  by 
slight  elevation  of  temperatnn: :  r.i/.  the  rfllnresccnce  of  salts;  many  by 
a  b«)iliug  heat,  as  the  decomixwitiou  of  moHt  int'lalltc  salts  dissolved  in 
alcohol  or  ether  (sulpho-cyanide  of  irou  dissolved  in  alcohol  is,  acc<^rding 
to  GrotthusB,  hut  little  discx>loure<l  by  boiling)  ;'others  again  by  a  tempe- 
rature of  from  l/iO"  to  2fMl'',  as  the  combination  ijf  chlorine  with  hydmgen, 
and  the  lileaching  of  col«»ured  fabrics  exjmscd  to  tlie  atr;  others  also  at  a 
red  h«'«t,  at  which  light  may  likewise  assist, — as  i\w  production  of  oxide 
of  phosphorus.  But  in  many  cases  the  at'tion  of  light  cannot  be  replaced 
by  tliat  of  heat.    Chloride  of  silver  does  not  blacken  even  at  a  red  heat. 
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vAt  which  it  inclts  and  siiTiIiraes.  The  green  parts  of  plants  do  not  sopa- 
[Jratc  oxygeu  from  curboDic  acid  at  any  toniperature  in  the  absonce  of 
[light.  It  is  also  to  be  rt'iiiarkod  that  the  rays  by  which  ciiomical  action  is 
Iprofluced  are  not  the  hottest  bwt  the  coldoBt  niys  in  the  s}x,'ctrutn.  Hfiice 
lit  i&  only  in  a  few  cases  that  we  can  addpt  (he  viewH  of  RuiriJ\»nl  arid  of 
FCfay-LuBsac  &  Thenard,  and  attribute  the  chemical  effects  of  light  to  the 

rise  of  temiX-Tature  which  it  produccB  iii  coming  in  contact  with  ponderable 

bodies. 

2.  Developtfitnt  of  Light  by  Ponderable  Subatances. 

The  development  of  light  is  either  vivid  and  attended  with  considerable 
rise  of  temperature— /^i/r — or  it  is  faint  and  accompanied  by  little  or  no 
development  of  heat — Phoifphoresceuce  Luminositi/, 


A.    JDeveloptnent  of  Light  by  tJie  mutual  chemical  cu^ion  of  F<mdentble 

Bodies. 

a.  Deedopment  of  Light  ca  a  consequence  of  actual  Chemical  Combination, 

Many  substances  whose  aflintty  for  each  other  is  considerable, — the 
elementary  Ixidiea  therefttre  most  of  all  (according  to  Law  :J,  a.  p.  IW), — 
develope  light  and  heat  at  the  nmmeut  of  combination.  The  oleiiient 
which  most  frc<]uently  developes  light  and  heat  in  combining  with  othera 
18  oxygen  ;  and  the  act  of  its  condiiuatiou  Avith  other  bodies  is  pre- 
eminently deiiominatcid  Combustion,  The  body  which,  next  tu  oxygen, 
most  conmionly  produces  light  and  lieat  in  ciiuibining  with  othera,  is 
chloruie ;  next  follow  bromine  and  iodine;  then  selenium,  sulpliur,  and 
phosphonis- — But  few  conijK>uriil  Ixidies  devehtpe  light  in  combining  'vvith 
others. — Hydrate  of  potash  or  soda  produces  light  iu  combiuiug  with 
Bulphuric,  nitric,  or  auicentrated  acetic  acid  dropt  upon  it  ;  baryta  or 
lime  with  water  or  one  of  the  acids  just  men Lioncd  ;  magnesia  with  sul- 
phuric or  nitric  acid.     (Heinrich.) 

Tlie  light  must  either  liuve  existed  ready  formed  in  one  or  botli  of  tho 
combining  bodies,  and  be  merely  separated  t>y  the  act  of  combination,  or 
it  must  bt>  evi>lved  during  tho  combination  of  the  pondeiable  bodies  out  of 
imfH>jiderable  elements  contained  iu  tliem ;  on  the  latter  [lyjuithesis,  it  Ib 
mttst  prt»bable  that  one  kind  of  electricity  is  suppUed  by  oxygen,  chliriue, 
&c.,  and  the  other  by  the  metals  and  bodies  like  them.  [Vid.  Develop. 
ment  of  Heat  in  the  chapter  on  Heat,  and  Combustion  iu  the  chapter  on 
Oxygen.l 

i.  Development  of  Light  as  a  consequence  of  probable  Cheuiical 
Comhination. 

(o.)  Phosphorescence  of  living  Organized  Bodies. 

L  Phosphorescence  of  Living  Animals. 

The  phosphorescence  of  these  animals  appears  to  arise  from  this 
circuiustauoe, — that  tliey  eliminate  a  jjeculiar  and  in  moat  cases  liquid 
substance,  coutatuing  plmsphonis  or  some  i»thor  element,  which  combines, 
at  common  temperatures,  with  the  oxygen  of  the  air  or  of  water  containing 

I  air,  producing  a  faint  luminous  appearance.     Not  only  does  the  seijaration 
of  this  fluid  apiJcar  to  depeud  upon  the  life  of  the  animal,  but  its  will 
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seeius  likewiijc  to  determine  whether  the  fluid  ehnll — partly  by  moAns  of 
the  rcsptimtory  prooem^HXinie  in  contact  with  the  oxygen  of  the  air,  and 
thus  prodnoe  a  development  of  light,  or  not.  Thi8  \ievr  in  maintained  by 
SnalUiizani^  Heinrich,  Treviranus,  and  TilcBius, — whibt  Carradori  and 
Macartney  regard  this  luminosity  as  a  consequence  of  the  Tital  process, 
aad  BUpposc  that  tiie  increased  luminosity  in  oxj-gen  pas  proceeds  from 
aaginented  vital  activity,  and  the  diminution  of  light  in  other  media  from 
diminished  \ital  energy.  Btit  sinee  the  liquid  retains  its  luminoftity  even 
when  peftarated  from  the  living  animals,  and  the  animals  often  continue 
luminous  even  after  death,  the  ^ntal  prooees  caiiuot  be  the  trnmedUitt  canse 
of  the  phosphorescence. 

The  animals  which  exhibit  phosphorescence  during  life,  all  belong  to 
the  lower  classes,  principally  insects  and  worms. 

Amphibia:  The  fresh  eggs  of  Laetrta  agUis  (Heinrich),  and  of  some 
serpents  (Langrebo). 

Fithrs:  A  peculiar  kind  of  LqXooepialug.  The  bodice  of  dead  fish 
also  appear  phosphoreBcent  at  times.    (Langrebe.) 

Insects.  1.  CoUoptera:  Elater  noctilucus,  ignitusy  I^mpadioHy  ntro- 
^pidenf,  Iva'fft/lus,  nirtifanii,  Lvcemvia,  Sptcvlator,  Janus,  ptfropfumus^ 
luminosug,  iuraut,  ej-tincUix,  Ciiciijun,  Lucifer,  and  phnsphoreus ;  Lav^p^rig 
nortituca,  npletididulu^  ItiiUca^  and  heiniptn-a  (this  according  to  lUiger  is  not 
phosphnrcsaTit)  ;  Pnufrufi  fphnrrtcrrus,  ScaraiMrns  phoftphoreus  (?)  (Loce, 
J.  PhijA.  44,  300);  BiipresttJi  occellata, 

2.  OrthnpttTft :  ArhfUi  Grylhttilpa, 

3.  Ilemiptrrn.  Fiilijurn  hitermiria  (the  luminosity  of  which  IS  doubtcd 
by  Martius  and  .Sjiix)  and  vmiflrltiria. 

4.  Dip(f»'n:  Calcr  pipienif  (HiibUtzl,  Neue  nortUscfie  Bdtrage,  4,  39G). 

5.  Myriopo<hi  :  Scolopmdra  electrica,  phospfiorea  and  morsitant ; 
Julus. 

6.  Arachnida:  Phalangium. 

7.  Cnuttacea  :  Many  .SV/mi'/Ap  ;  Cancer  fulgens,  macrounts  and  others ; 
Oammnnu  Pulex  (wometimos  only),  cawii^etiix,  Uvigicnvnii,  truncatits,  circin- 
HtUus,  heterfM^littDt  and  crassiniautu  ;  OniscitJ*  fulgem ;  Cyclops  exiUcPU ;  Amt/mone 
and  Nimplitis  (the  young  of  Cifdi/pg) ;  ^tonom^us. 

8.  A  nnuUita  :  Nereu  uoctiluca,  ph(n<]>hf>ratis,  cim'gera,  mncronata,  ratUatOt 
and  otliers ;  Spirot/rapftit*  SpuUanzanii,  Lunthriais  terrestris,  aimpUcimmus  Mid 
Jlirticttitdii  :  PUnutria  rtttisa  ;  BrnnrJiiurus  qiuulnpes. 

9.  MfMusca  ;  PfioluJt  Dtu-hflug  ;  all  kinds  of  Salpa  (or  Biphora),  aspmnata, 
tMm$t  unutriiL,  vaijinaJit,  f/ironus,  comuta^  vcnosa  ;  and  of  PyrotomOy  Tis^ 
PwrOtOtnn  Attanticum  iir  Trlrp/utriijt  Aunlnilis. 

Zoopli;ittf.     I.  litulititti :  Anteriiijt  mv^tiluca  ;  Opfiitira  pliospfiorea. 

2.  Aaikphtt :  Verj'  tniiny  K])ecieK  of  MetluM,  w-,  ftehitjfm,  peUm-ntJs  (these 
two  K])e<'ie«  Jierhaps  identical),  gdntillana.  ximphjr,  /uridti,  hrmiyphirricn,  otynta, 
tubentiliito,  piinnpifrn,  nnr(i/iiiyi,  miritn,  the  scverul  sjx'cics  of  Auretia  ,•  many 
SjJCoioB  of  Urrof,  as  J'nlf/rtw,  Piku^i,  gU^wi,  Bnufiltensis,  micaiuf,  Jlnva  ;  Pky- 
saUo  AffihuHti  an<l  ijlmu-a ;  Bcvcnu  8|iecies  of  Phg/utophura,  together  with 
Hhi^itp/it/M  and  Slrjikftuomia, 

3.  i'fil'/jti :  Srrtuliirta  neritinn  and  rohihiliit  (Qr.  J,  of  Sc.  N.  S.  4,  38S); 
Pennatxtla  pfioxphorrn,  grtMeii,  and  all  others ;  VeretUlum  (Jifnomnrmm  aooord- 
ing  to  Ix^Qckart,  Iti» ;  fjorgonia ;  Aicyonum  «K)«,  acoording  to  Lewsknt, 
;^poHgiiu 

4.  /nfiisfrin ;  Lmteophoa  achndtdm ;  Trkhoda  trinngiiltiris,  grvmujom, 
Clttm  tttid  ethiwmtex ;  flUba  PstudokifpM,  crifpn,  cyvtaUiiuh  deformity  Conm 
tmd  npiralis  ;    Vvrticella  ;  Cercaria  ;    Vibrio  ;   Volvox. 
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The  eggs  of  Lacerta  agilts  and  of  enino  scnM^nts  emit  a  Ix'amiful 
green  light ;  the  freshpr  they  are,  the  more  hrightly  they  sliiric.  When 
buried  iu  mcxloratt'ty  damp  earth,  tJiey  go  on  shining  for  weeks  ;  ex|x>8ed 
to  the  air,  tliey  Ikh^hiuo  dry  and  suon  Ioho  their  phosphorescence.  (Lang- 
rebe.)  Non-lnminous  eggs  become  loniinous  by  agitation,  (Griiudler, 
Naturforscher,  3,  28.) 

In  tiie  Elater,  there  are  two  elongated  and  roundish  luminous  apots  on 
each  aide  of  the  doreal  coveinug.  Tliese  are  glands  couiaining  a  yelbw 
substance ;  and  to  these  the  animal,  by  means  of  branches  proceeding  from 
the  cells  of  tlie  lungs,  can  all<>w  a  large  or  email  quantity  of  air,  or  none 
at  all  to  have  access,  whereby  the  development  of  light  is  made  stronger 
or  wea.ker,  or  ceases  altogether.  The  animal  Khines  for  six  or  eight  days, 
even  on  the  needle.  (Spex.  C'oinp.  Illigtjr,  Mag.  d.  Ges.  naiurf.  Freunde  zu 
Berlin.     1807,  Ul.) 

The  female  of  Lampyria  noctiluca  or  spkmlidula  (the  glow-worm),  whose 
abdomen  is  divided  into  six  segmentSj  ahitien  on  the  under  part  of  the  last 
thix-c  nbdmninal  lings,  which  are  distinguished  by  a  yellowish  or  greenish 
white  L'ulour  from  the  brown-aitoure<l  parts  of  thu  rest  of  the  body.  Withiu 
these  three  termmal  rings  is  found  the  lumunnus  matter,  a  yellowish  white 
traiiHpartjtit  Rubstance,  consiBting  of  ramifying  librea  and  granulcH  of  an 
organic  stnieture,  heavier  than  water,  yeltnw  and  opaque  when  dry,  and 
consistitig  principaliy  of  a  material  which  exliibits  the  cheinieal  properties 
of  soluble  idbuiiien.  (According  to  Ili-inrich,  an  adhesive  luminous 
substance,  wliich  imparts  its  phosphorescent  proj^rties  to  water  or  oil, 
may  be  squeezed  out  of  the  animal ;  according  to  Macartney,  this  sub- 
stance, when  sejmrated  from  the  animal,  is  nn  Irniger  lunnnous,  whereas 
the  bag  containing  the  luminous  tnattur  whines,  when  separated  from  the 
animal,  for  several  hours  in  the  air,  and  for  4>S  hours  in  water.)  The 
phosphorescence  of  the  animal  begins  about  7  or  H  o'clixtk  in  the  evening 
and  continues  till  sunrise.  (According  to  Macartney,  a  thermonioter  rises 
when  placed  in  contact  with  the  insects  wliile  emitting  light,  but  not  when 
in  contact  with  the  separate  luminous  matter  of  the  tail.)  The  [ihosphor- 
escence  of  the  insect  is  totally  unaffected  by  want  of  food,  or  by  stoniis, 
thunder,  or  candle-light.  It  is  strengthened  by  repeated  gentle  disturb- 
ance, and  is  most  vivid  during  tlie  uyjtioa  of  the  aninnil.  It  is  ititernipted 
for  a  time  by  sleep,  noise,  mere  vioieirt  distinhance,  or  by  cooling  to 
+  12  C''  (53'5°  Fab.), — and  then  the  phosphorescence  ceases  from  the 
fore  to  the  back  part,  two  jK)intH  on  the  teiiiiiiial  ring  often  however 
cnntinuing  to  glow.  The  luminous  matter,  when  kcfit  undin-  water,  con- 
tinues to  shine  for  two  or  three  days.  If  a  living  worm  Ix*  placed  iu 
water,  at  14°  C,  and  the  liijuid  warmed,  the  anitnul  Iwgins  to  shine  at  27", 
emits  the  strongest  light  at  41^;  c<uitinnes  shining,  though  dead,  at  a 
higher  tcrajjerature,  and  its  light  is  extinguished  for  ever  at  hi"  or  (12°. 
If  the  temfH.uatur('  of  the  water  be  maintained  at  .'id*^,  the  animal  ootitinuos 
to  shine  tor  a  lung  time  after  death,  but  gradually  ceases  wlien  the  water 
is  coided  ti>  25^.  When  the  insect  ia  warmed  without  water,  the  same 
effect  is  ftbserved,  excepting  that  the  phos}>horesccnce  ceases  sooner,  on 
account  of  the  dryuig  up  of  the  luminous  matter.  Dead  glow-worms,  not 
yet  dry,  begin  to  stiine  again  iu  watt;r  at  41°,  and  often  remain  hmiinous 
for  two  or  tliree  days  after  the  cowling  of  tiie  water.  Glow-worms  killed 
by  coohng  them  ti)  0"^  Ix'gin  to  shine  again  at  3 P.  If  the  head  or  the 
luminous  ring  of  a  wonn  which  shines  of  itself  be  cut  off,  the  light  oeascs 
iu  about  live  minutes,  but  re-appears  in  a  few  minutes  longer  in  a  lower 
degree,  continuing  for  two  or  three  days,  and  may  be  strengthened  at 
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{Jcastirc  by  warming.  The  phosphorescence  of  the  extracted  luminous 
matter  may  Ukewise  be  strengthened  by  moderate  heating,  and  destroyed 
by  a  heat  of  53% — in  which  respect  it  resembles  coagulated  albiunen.  A 
current  of  electricity  from  the  electrical  machine,  or  repeated  electrical 
discharges  paascd  through  the  animal,  excite  no  phosphorescence.  If,  on 
the  contrary,  the  insect  immersed  in  a  little  water  be  brought  by  means 
of  two  wires  within  the  circuit  of  the  voltaic  pile,  it  instantly  becomes 
luminous  and  continues  so  as  long  as  the  circuit  is  complete,  but  ceases  to 
^ine  every  time  the  circuit  is  broken,  although  the  water  surrounding 
the  animal  shows  an  elevation  of  temperature  of  only  i°.  Similar  effects 
are  pn>duced  upon  decapitated  glow-worms,  on  the  three  terminal  rings, 
and  the  se})aratcd  luminous  matter,  when  they  are  no  longer  self-luminous. 
—Neither  the  animal  nor  the  luminous  matter  is  phosphorescent  in  vacuo, 
even  at  the  most  favourable  temperature  or  imder  the  influence  of  the 
voltaic  pile ;  on  admitting  the  air,  the  liuninosity  is  restored.  The  phos- 
phorescence of  the  lumutous  matter  likewise  ceases  under  oil,  probably 
because  the  access  of  air  is  impeded.  In  oxygen  gas  and  nitrous  oxide, 
the  glow-worm  appears  to  sliine  somewhat  more  brightly  than  in  conmion 
air.  (The  increased  luminosity  in  oxygen  gas  was  observed  by  Spallanzani 
Gilb.  1,  83)  and  by  Foster.  According  to  Grotthuss,  the  animals  must  be 
cooled  some  degrees  lower  in  oxygen  gas  than  in  common  air  before  they 
lose  their  phosphorescence.)  In  chlorine  gas  the  animal  dies  instantly, 
and  if  subsequently  warmed,  emits  a  rose-coloured  hght  for  a  short  time. 
In  hydrogen,  carbonic  acid,  carburetted  hydrogen,  or  sulphurous  acid  gas, 
the  glow-worm  soon  dies  and  emits  no  light  when  warmed.  According 
to  Spallanzani,  also,  the  light  is  exting^hed  gradually  in  nitrogen  and 
hydit>gen  gas  and  instantly  in  carbonic  acid.  The  luminous  matter  also 
loses  its  phosphorescence  in  these  gases,  and  shines  again  on  the  admission 
<rf  air  or  oxygvn  gas,  excepting  when  the  luminosity  has  been  destroyed  by 
chlorine,  sulphun>us  acid,  or  vapour  of  hyjKinitric  acid. — Alcohol  and  very 
dilute  mineral  acids,  which  do  not  kill  the  animal  uistautly.  cause  the 
fiiud  oxtiuotion  of  its  light  when  under  water,  and  likewise  of  that  of  the 
extraotinl  luminous  matter;  c«>noentrateil  acids  extinguish  it  instantly. 
By  those  means,  as  well  as  by  heating,  or  by  the  action  of  copper-salts, 
ci>rr\*ive  sublimate  or  ether,  the  luminous  matter  jxjsses  into  the  state  of 
ci»ag»ilattHl  albiunen,  and  then  its  luminosity  is  dostn>yed.  In  aqueous 
sitlution  of  jhttash,  the  luminous  matter  dissolves  and  Uvses  its  illuminating 
pi>wer.     (Miu"aire.) 

The  iMiHiufrv  shines  N»th  as  a  jxrftvt  insect  and  also  in  the  larva 
state,  but  nn>st  |i<»werfully  hi  the  nymph  state.  (IV  Geer.)  The  eggs 
l»egin  to  shine  faintly  in  four  or  six  wtvks,  when  the  larvie  are  devvlopi'd 
and  on  the  jn>inl  of  enu-rpug.  The  females  shine  with  jHvuUar  bright- 
ness in  tiK'  bnHiling-Sfsi.",! >n  and  during  pnK^reation,  iviiso  to  shine  imme- 
diately afterwanls,  but  shine  brightly  ag:iiu  ou  the  folK>\ving  evening ; 
their  liglit  is  briglitest  when  tlH'v  an'  pn>gt»ant.  at  which  time  they  emit 
light  fn'm  tlK'ir  whole  IkhIIos  with  the  exeeptivMj  of  the  head.  The  males 
do  not  shine  during  pnvn'ation.     (I^mgrelHs) 

The  /.•!•  (/'vnji  /fd/tiiM  shines  under  water  for  seven»l  hours,  under  oil 
for  only  St  I  minutes :  it  soi>n  K>s«'s  it  |>lu>splion's*x'mv  when  immerseii  in 
hydr\\ir\'n.  o:»rl<iMiie  acid,  or  nitric  oxide  gsis.  but  shim's  apun  when  bntught 
out  into  the  air.  iTxiviiKTl  luminosity  h:is  not  Kvn  tt»  k»ng  iutemipte«l ; 
but  in  this  cas*'  the  ins*vt  shines,  even  when  deaii,  in  hyjionitric  acid 
Ta{»>ur.  emitting  a  gnvn  liglu  which  slowly  disai>(vars.     (Oarradori.) 

The  tcmale  of  Ltnm/tjpri$  Italica  exhibits  the  same  steady  light  as  that 
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of  ilie  Z.  noctilnca.  But  tho  nuUt;',  wlioso  t*o  hiQcltT  abdominal  ring's  are 
perfi.'otly  lufuinoiis,  cxiiihils  a  Hashing  Hk^IiI,  btcurnin^- Itrijji^liter  from  45 
t<>  55  limt'8  ill  a  rtiitiiitt',  in  accordiuiue  witli  i\w.  iitimhcr  nf  pulsatioim  in 
tlie  Harue  iutenaU  The  lariunouK  Miibstiirice  is  sitiiatisd  iniinodiiitoly  un 
the  lower  Heg^rueuta  of  the  two  iiiiulcr  ;il>diimi(ial  nngs,  exactly  in  the 
position  where  the  jiulsation  of  the  dursal  vessel  is  the  strongest.  The 
blood  may  in  this  situation  strengthen  tlio  phosphorescenue,  in  consequence 
of  the  lultneaticm,  vita!  iiitiuetice,  and  excess  of  oxygL'ii  Avjiich  it  cjiuBca. 
The  luminous  nn.itter  8e|«ir.itod  from  the  animal  is  white  and  viscid, — 
ap|x?ars  undiir  the  mieroseo|K'  to  cionsist  entirely  of  fiiuall  globules,  hetween 
\(rijii:h  are  distributed  numennis  trueheal  ramifications, — siiincs  when 
spread  ujxm  glass,  with  a  gi-ceuis!i  tight,  wliich  diminishes  aud  ultimately 
ceases  when  the  matter  becuineB  dry,  Imt  rnay  often  be  reBtoreU  by 
moisture.     (Carus.) 

In  Paiijo/s,  the  autennie  alone  emit  a  feeble  light.     (Afzelius.) 

Ill  Fu/fforfv,  the  light  proceedK  from  the  hoUoW  projection  situated  on 
the  hinder  jcirt  of  the  tiead,  and  connected  with  the  air-vessels. 

Scohpendni  shine  aver  the  whole  body. 

The  Nereis  shineH  most  cnnsjticnously  ivhen  the  sea  is  agitated  by  the 
passage  of  ships  and  other  causes  (Spallanzani);  its  huiiinous  matter  may 
be  difliLsed  tlinnigh  water  (Treviranus).  AcconUng  fo  Viviaui,  the  cirri- 
gera  is  the  most  Inniinous  of  all  aiiirnals  inhabiting  tlie  Medittrranean. 

Luntbriciis  ferraitri.t  sometimes  shines  in  October  on  the  indurated 
ring.  (Brugiere,  Fkugcrgues,  J.  Phi/s.  16,  311;  Atidouin,  I/istituL  18-10, 
381.) 

Phimwui  retusa  shincg  uniformly  over  the  whole  body.  (Viviani). 

The  PhithiH  Dtu-ti/Uu*,  boring  muscle,  also  contains  ;»  plioHphorescent 
liquid  which  adlieres  Uy  everytljing  which  it  touches,  and  makes  it 
luminous,  and  may  ]mi  expressed  and  mixed  with  w^ater,  oil,  or  milk,  so  as 
\a)  fonn  a  luminous  fluid.  The  boring  muscle  not  only  shines  extenmlly, 
but  likewise  internally  when  cut  ojjeu  ;  it  cjiitiuues  lo  shine  for  a  day  or 
two  after  death,  till  it  putrefies.  Its  light  shows  itself  between  if  and 
60' ;  gentle  heating  Btrengthens  it  but  shi^rtens  its  duration ;  stronger 
heating  destroys  it.  The  phosplioreHcence  of  muscles  Ijecomes  brighter 
in  dilute  sohitions  nf  common  salt,  nitre,  potasli,  and  sugar;  it  is  destntyed 
by  sulphuric  acid,  vinegar,  alcohol,  and  urine,  and  by  concentrated  solu- 
tions of  fMitash,  sal-anunoniuc,  salts  of  lead,  and  vitriol.  I>ried  pholadee 
reoivcr  their  luminosity  on  heing  moistened  with  water,  even  after  the 
lapse  of  severul  months.  (Bi'c<"aria,  CoinmenC.  liouon.  2,  1,  24H.) 

»5<j//w  {acconiing  to  Edw.  P^uhe.s,  Ann.  <tnil  iMa'j.  *>/  A'ut.  Hifi,,  ISil, 
7,  350)  do  not  shine  of  thenjselves,  but  only  in  conseriuence  of  luminous 
Crustacea  which  frequently  adlu-re  to  them. 

Pi/romma    Atktutintm    ditTnses    a  vi-ry  vivid    light,    and    is   often   80 
abundant  in  the  sea  that  lisli  can  be  distinguished  liy  its  light  at  the 
dejjth  of  15  feet, 
mersed  rises  about 
84,  SG4.) 

The  light  of  AntmoA  noctilncn  spreads  itself  out  from  the  cx>ntre  into 
the  rays  :  the  separated  rays  and  their  fragtnents  also  continue  luminous 
for  a  timi'.  Viviaiii.) 

The  himinous  parts  of  the  Me duste  observed  by  Spallanzani  are :  the 
large  tentacula,  tlie  edge  of  the  umbella,  ami  the  sac  which  is  connected 
"with  the  opening  of  the  urnliella.  These  parts  contaiu  the  luminous  piin- 
ciple  iu  the  form  of  a  thickieh  glutinous  liquid,  very  different  from  the 


The  temjteralnrc  of  water  in  which   this  animal  is  ini- 
1"*  C,  as  is  likewise  the  case  with  Salpa;.  (Kuht.  Schw. 
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■•lino  watorjr  flmd  into  whiA  the  medusa  almost  entirely  melts  when 
JwnoTod  from  the  water.  This  viscid  liquid  uroduoes  itcfamg  when  applied 
to  the  skin,  as  does  also  the  joioe  of  several  non-luminous  mcduse.  The 
raroinous  matter  mav  be  scraped  ofiF— renders  bodies  smeared  with  it  phos- 
pn(mMcent---and  when  mixed  with  water,  urine,  and  particularly  with 
'DUk,  forms  mixtures  ^idiidi  remain  luminous  for  several  hours — are  in- 
OWyod  in  brightness  by  agitation  or  bv  warming  to  87°  C— may  be  again 
WJ»«»rod  luminous  after  their  phosphoresoenoe  has  oeased— but  when 
S  M*  7  heated,  are  denrived  or  their  luminoeitf  for  ever.  (Luminona 
fluids  or  this  kind  may  also  be  obtained  by  mashmg  up  Ae  entire  animal 
™^tor  (  if  sea-water  is  used  for  the  purpose,  tb«  mixture  shines  but 
nebly.)— .The  medusa  shmes  m  water  Uke  a  tordi,  so  brightly,  that  it  can 
M  seen  at  the  distance  of  100  paces.  Its  light  is  most  brilliant  when  the 
wtoniato  contraction  and  enlargement  of  the  disc  succeed  each  othor  with 
the  greatest  n^Ndity ;  the  lig^t  is  also  strengthened  hy  motion  from  with- 
out* With  the  diminution  of  this  osdllatioo,  the  li^t  becomes  fainter, 
ftnd  when  it  ceases,  there  remains  only  a  very  faint  luminosity,  which  may 
•lao  bo  observed  i^tor  death,  and  does  not  (Usappear  till  putre&Kstion  sets 
to  I  it  is  likewise  inovased  for  a  time  l^  rabbmg.  A  medusa  which  has 
dM  out  of  water,  and  is  no  kmger  luminous  but  beginning  to  deliqaesoe^ 
reeovers  its  luminosity  in  fresh,  t>at  not  in  sea  water :  the  wator  abo  be- 
oomoa  luminous.  (Spallaniam.) 

The  lumfnosity  of  Mtduaa  Itidda  in  water  is  increased  by  wannmg,  till 
ilw  water  becomes  so  hot  as  to  kil  the  animal  In  alcohol  it  shines  still 
more  brightly,  but  soon  dies  and  ceases  to  be  luminous.  IMaced  in  water 
under  an  exhausted  reoeivw,  it  shines  as  strongty  as  under  tiw  ocdmary 
nraasuro  of  the  air.  The  electric  vfvk  seems  to  have  no  action  upon  it ; 
eleotrio  shocks  ommw  the  ligfat  to  disappear  for  an  instant,  bnt  it  unmedi- 
•teir  wttiprtUPs  with  increased  brightness.  (MacMtney.)  ,  .  „  > 
In  AmrtKa,  the  ligfat  proceeds  frwn  the  base  of  the  tntacda;  ■  Bmte 
ham  the  vtwiH"!*  undor  the  Uccd  filanieats.  (Bdw.  Forbes.) 

If  a  n^j/mtKtt  bo  immeraetl  in  altvhi>l  it  uistantly  ceases  to  dbine.  be- 
cnse  it  ilios.  Jrw^fii^w  do  not  shino  when  at  rvst.  bat  only  afttn-  exertion, 
tad  WHweqnent^  incrvASod  reepuratkto.  inasmuch  a»  locomotion  and  rnpi- 
nlJkMi  aiv  wHh  tWse  animals  one  and  the  «ame  mo«-onient.  Their  light 
M*  Mnter  as  thdr  vital  foitv  dtminkdM*.  and  cvaa.^  with  their  death. 
tdkM  |Im«  •ft«r  oftvn  ivpoated  exertion  and  huun^MiiT  thence  re- 
^^ip  fXiksittiL) 

l^tiie  .nianjrifir  j^MfAwnw.  the  K^rfat  |s\xv>««k.  not  frvw  the  «tem.  bat 

ftiHB  tke  feather, — and  ■»  excited  «^nhr  by  aki«CMa.  either  sfoatane<>as 

fiwa  withont.    After  death.  himiiMsttT  S»  itffvvha.'vd  by  t>xiching 

a  InnuavMW  «finie  Krti^r  at  the  cune  time  trxpcvtawd  mm  the 

£7jJl]^j  mil  1  «««.  UaewiM.  the  pIkHPftMVWvaKV  exa«»  k<<  in  the  «aeaa. 

IW  jAwpfcntf»^r~rf  ^*  Sb  MM  at  at^t--wajc&  ^-aafcaw*  <S?3m»  a 

|«i  dnll  jrfkHMer  v'tf  lurhu  Axiaecaairt^  iYvtftrfiL:»  a  ^cy  jL«rf*.v.  as 

l^f^  ikiaew  t.'W^y  in  flacW  wWre  x  »  !W«  at  ikci  a  by  jsi^  •:<- 

„4lHff»  wcaM  «xhKb(i»  «ncw  «|«a:i^  ««a:«^  ^a&$^  caukOM.'  .y  cuaKhi' 

anrib«sab«e  »>*  «wul  bcaain>-<»  Axvuuf  w^-n  xLkiea 

mK  li— ■«  nr  w****  aw  ?«v«*«*c  >y  ta*  itnem-  Ma^bsk. 

ij  rnwtMdK  wfaaA  eoMii  the  m-Ws  "nni  %*L  .Tjmow^      IW 

'  -     «f  Ae  w«  w  ft\'«dak>«i  ^  ^ncwfth  aBoiBia;.  >«c  ■».•«« 

~  ~    as  irf  a  antiiBMr  AK»»ee.  kv 
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Nereids  and  great  numbers  of  Riuall  Mo<lusre,  Wlien  flea-water  of  this 
nature  is  ftlfprcd,  the  tuininoiifl  matter  rcinauis  on  the  filter.  (Si;>arraann, 
Tiiesius.)  Water  taken  out  of  t}ie  brightly-shuiiiifT;  sea  near  MartUiique 
gave  no  li;2:ht  when  at  rest ;  on  blowin^j  upnu  it,  kukiH  Ixidies  crossed  the 
liquid  in  all  directionB,  shining  the  brig-liter  the  mnre  strongly  the  Burface 
■was  blown  ii|xin.  When  stirred,  the  water  became  luininrHm  throughout: 
on  being'  warmed  to  35"  C.  it  also  became  brightly  i»hf>s|ihoref«"ej»t ,  bnt 
wben  fiutber  heated  to  •13'',  it8  luminosity  was  completely  destroyed. 
Hydrouhloric,  BulphuricT  and  nitric  acid,  amnvonia,  carbonate  of  potash,  and 
alcoboU  likewise  prcrdueed  a  sudden  and  generally  evanescent  light.  The 
water  after  passing  through  a  filter  amid  no  longer  be  rendered  luniinous: 
there  remained  on  the  filter  a  number  of  small  aiiinialH  diHceniible  by 
the  mieroBco|X',  and  consiathig  of  a  globnlc  having  a  yellow  Bpf>t  and  a 
tail,  which  they  moved  with  great  rapidity.  (Artaud.) — Moreover,  the  i»hoB- 
phorescence  of  the  sea  is  probably  often  produced  by  the  luminoua  putrc- 
factiuu  of  marine  animals,  by  insolation  (as  apix-are  to  be  the  case  from 
an  esix-rinient  of  Ilellwig),  and  by  electricity,  08  supposed  by  Ri\'i^re,  Le 
Gentil,  and  IJajoii, 

Instaiiies  have  lieen  known  of  men  whose  perBpuuvtion  is  adhesive 
and  i»hnsphoreHeent,  s*i  that  t!ie  ]>h(>siitmresc<'tK'i:i  is  c^nnmuuiaited  to  their 
linen  ;  the  smell  of  this  jjersjiiratifm,  in  the  c^se  of  an  individual  of  gouty 
diathesin,  in  whom  the  perspiratioTi  broke  out  after  violent  dancing,  was 
urinous  and  sour  (Ilenkel,  CrefL  N.  Chem.  An/a'v.  2,  291);  in  another  it 
hud  H  pecidiar  piiosphiiric  odour.  (Ilermstadti  MtuftK.  imturj,  F.  2,  248.) 
Horses  in  the  sweating  condition  sonielimes  emit  Ugh t.  I'orcy  saw  the 
■wounds  on  a  soldier's  thigh  continue  phosphorescent  for  fourteen  days  ; 
over  the  wouuds  of  anotlier,  he  saw  a  light  like  an  ignis  fatuufl  hover  for 
BIX  days.  More  frequently  human  urine  juMt  voided  exhibits  |»hospho- 
reecence.  (J urine,  Driesseu,  Gilh.  411,  2lfl  ;  59,  i(y2.) — Esser  (A'amln. 
Archiv.  8,  414)  saw  the  mine  which  he  voided  against  the  wall,  when 
tired  after  a  walk,  exhibit  phosphorescence;  the  wall  slione  for  half  a 
minute,  as  if  it  had  been  smeared  with  phosphorus:  the  urine  discharged 
two  Imurs  later  was  not  pin »sphoiX'sa^nL  The  urine  of  Viven-n  PuUrriua 
and  MrjJttitu  is  likewise  said  to  be  luminous  at  the  moment  at  which 
tliese  animals  void  it,  {V.  D'Azora,  Liuigsdorff,)  The  InmiiKisity  (»f  the 
eyes  of  animals  ia  due  merely  to  rejected  light.  (Baser,  Kastn.  Ardiiv.  8, 
399). 


n.  Phosphorescence  of  Living  Plants. 

1 .  Sudden  emission  nf  Light. 

A  sudden  flashing  light  is  often  emitted,  on  fine  summer  eveningH,  a 
little  after  sunset,  by  certain  yellow  flowers. 

Suc-h  is  the  ea«e  with  Tnipnajhnu  iHajtif^  Tagetea  patula  and  erfcta 
Calendula  ojjicinalis,  Ilelianthus  anuuvi*,  Lilium  bulbi/erum  and  Chalce- 
donicum^  Pobianthes  tuberosa,  Ocnolheru  bienuii  and  (Jorteria  riiufetm  .- 
likewnse,  Papavrr  nrientale.,  (Elis  Linne,  Abhundl  d,  ,S<huYfl.  ALhad.  24, 
291. — JIaggien,  A.  AhhaiuU.  d.  Sclnnd.  Akad.  9,  59.' — Jt^tluison,  .SVAir, 
31,  3f)l. — Pursch,  Flor.  Amer,  Septeutr.  1,  261. — Green,  ,/,  Pkarm,  18, 
256.)  Of  these,  CVife/jrfu/a  emits  the  strongt'st  light;  then  follows  Tro- 
pojcolum,  then  Lilium  bvlbifrrum  and  TagtUii  patula,  then  Ildiitttthue  and 
Garteria.  The  same  flower  often  gives  out  repeated  Hashes  at  inter- 
vals of  several  minutcB.     This  ligut  is  undoubtedly  clectriaU,  perhape 
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prodnced  by  the  bursting  of  the  pollen  granules  at  the  moment  of  fructi- 
'fication^  (ZavaAaky.)  Ingenhouaa,  Senebier,  and  Saussure  never  observod 
this  lominous  appearance  in  TrvjHieolum  mnjus ;  neither  could  L.  Treviranua 
discover  it  in  Tagetes  and  other  flowers ;  hence  he  regards  the  phenomenon 
as  a  mere  illusion  produced  by  the  yellow  colour  of  the  flowers,  which  at 
night  gives  them  an  appearance  of  peculiar  brightness. 

Of  a  diiferent  nature  from  this  is  the  flame  observed  by  Ingenhonss, 
Bertholoo,  and  Willdenow,  around  the  flowers  of  Dictamnm  alhu»  on  the 
approach  of  a  lighted  candle — an  apix^arance,  however,  which  Schrank, 
Th.  Saussure,  Sprengel,  and  Trevii-auus  were  never  able  to  discover.  Biot 
{Ann.  C'kim.  Phi/s.  50,  386)  attributes  this  flame  t<t  the  combustion  of  a 
volatile  oil  contained  in  tlie  cells  of  the  flower-stalks. 


2.  Steady  Phosphorescence. 

Some  plants  emit  in  the  dark  a  faint  continuous  light,  probably  re- 
sulting fr<»m  the  formation  of  some  substance  which  bums  and  emits  light 
at  ordinary  tcini^ratures,  and  amsists,  not  of  phoHjihorus,  but  more  pro- 
bably of  a  conifwund  containing  carbon  and  hydrnpcn. 

The  leaves  of  Phi/tolacca  decandra  have  been  observed  to  shine  in  Sep- 
teimlxT  from  9  to  12  o'clock  at  nighty  BometirucB  with  bluish  green,  somo- 
times  with  yellowish  green  light,  accordingly  as  the  current  of  air  was 
stronger  or  weaker;  they  also  remained  luminous  after  being  wiped. 
(K.  v.  Szats  A.  Tr.  8,  2,  54.) 

The  acrid  millfj'  juice  of  Cipii  de  Cunanam  (a  jilant  growing  in  Brazil 
and  probably  belonging  to  the  genus  Euphorbia)  emits  liglit  for  several 
Moonds  when  it  flows  from  a  wound  in  the  plant.  (Mornay,  Qiib.  56, 
367.) 

Rhizomorpha  subterranta  stellaia  and  m'd^fh^  which  grow  in  mines,  emit 
light  from  their  whole  Kurfacoe,  but  esiK'cially  from  the  whitish  growing 
points.  The  lumiiioHity  is  brighter  in  young  plants  than  in  ol<l  ones; 
brighter  also  when  they  grow  in  warm,  damp  f>arts  of  the  mine  than  in 
dry,  a)ld  situations :  it  is  also  increased  when  the  plants  are  heated  to 
40  C.  Rhizomori7h8  shine  tiiore  brightly  in  oxygen  gas  than  in  common 
air.  Wlicn  they  are  immersed  in  this  gas,  together  with  a  little  water, 
thoy  often  continue  luminous  for  nine  days  ;  and  the  oxygen  gas  is  then 
found  to  be  nearly  oinsumed  and  converted  int<j  a  somewhat  8m.aller 
volume  of  carlxiuic  acid.  When  these  plants  ui  the  moist  state  have 
ceased  to  shine  in  the  air,  their  luminusitj'  tviunot  be  restored  by  electric 
sparks  or  by  oxygen  gas :.  but  it  may  often  be  restored  by  moistening  the 
plant,  when  its  cessation  has  Ix-en  caused  by  drj'ness.  The  plio8ph(»rc8- 
cenco  ceases  in  vacno,  but  reapjtt'urs  when  the  air  is  admitti'il,  even  if  the 
plant  has  remained  in  the  vacuum  for  two  hours.  The  pknt  likewise 
ceases  to  shine  when  placed  in  nitrogen  gas,  bnt  regains  its  kimiiiosity 
on  being  brought  out  into  the  air.  In  hydrogen,  car?>onic  oxide  or  chlorine 
gas,  on  the  contrary,  it  loses  its  huuinosity  for  ever,  so  that  no  Ught  is 
emitted  even  when  the  plant  is  afterwards  immersed  in  oxygen  gns. 
(Bischof:  Comp.  Schw.  44,  65;  also  Laroche,  Verh.  d.  Ges,  naturf.  F)r. 
Berlhi,  1824.  1,  22.) 

lihiiomorpfui  /nnnaia  has  been  seen  by  Fricaleben  to  emit  light. 

A<'Cording  to  Unuieus,  hght  La  emitted  by  Bi/sjsus  phosphorea  (L)  or 
J)rjnatium  twUiceuni,     Pers. 

.\ccording  to  Punk  and  Brandenbiu-g,  Schistoatega  osmundaeeoy  a 
vbich  grows  in  caverns,  is  phosphorescent.    This  is  supposed  by 
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Vnn  Efionbeck  to  Iw  the  same  moss  vrhicli  Giliiott  {GUb.  30,  242)  saw 
ahinitifi:  vn\h  aii  emerald-green  liglit  in  a  cavern  in  the  Ilartz. 

According  to  Ducluzcau,  many  coufervae  growing  near  Mnntpellier 
arc  phosphorcBoent. 

(b.)  Phosphorescence  of  Putrefying  Organic  BcKlies. 

Many  ivrgunic  bodies  emit  light  after  death,  sometimes  before  tho 
commeucemeut  of  actual  putrefaction,  Kunie times  simultanouusly  with  it, 

1.  Phosphorescence  of  Putrefjfhig  Animals. 

At  a  certain  temf)erature,  and  in  contact  with  moisture  and  oxygen 
gas,  a  decompositiou  apptiars  to  arise  in  many  dead  animals,  e8p<.«ially  in 
sea-fish,  Ix'fore  tho  cdmmencement  of  actual  putrefaction, — produdug  a 
ghitinnua  substance,  wlinse  conntituentH  are  capable  of  burtjuig  in  the 
emallest  qtiantity  of  oxygen,  with  a  feeble  lif^ht  and  scarcely  percefiiible 
devclofjment  of  heat ; — or  may  it  not  \>q.  supposed  that  the  decomposition 
is  rt1teiir!i-d  by  tin-  production  rif  lumiiious  ijifusnria  ? 

Human  cnrpnes  are  very  rarely  phosphorescent.  Of  a  l>ody  received 
on  the  1  ith  February  and  dissected,  one  of  the  k)wer  extreujities,  which 
remained  ovi.^r,,  began  to  exhibit  phosphorescence  (m  the  3rd  of  March.  A 
secoml  body  brought  into  the  same  dissecting-room  on  the  5tli  of  March 
likewise  appeared  lurniiHius  after  a  few  days,  first  on  the  external  and 
ijiternal  surface  of  tho  thorax,  then  on  the  alidonieti,  hones,  tendons,  and 
membranes,  more  faintly  tm  the  muscles,  not  at  all  nn  the  viscera  of  the 
thorax.  A  portion  of  this  second  body  liiid  uikmi  a  third  rendered  this 
also  phosphorescent  in  (wo  days,  an  if  liy  contagion.  The  luminous 
matter,  which  apjx'ared  to  be  of  an  oily  ualure,  could  be  removed  in  many 
places  by  the  finger,  on  wliicli  it  continued  to  shine.  Placed  under  the 
microscope,  it  illuiiiinated  the  whole  Held  (if  view,  and  apjwarcd  to  be  in 
motion,  Uke  gamboge  touched  with  water;  but  no  animalcules  were 
visible,  excepting  a  minut<!  Vibrio,  sueJi  as  is  often  observe<l  in  macerated 
bodies.  The  liuninona  substance  c^>ntinucd  to  shine  brightly  in  oxygen, 
carbonic  oxide,  phosphuretted  hydrogen,  and  njtmgen  gas — more  faintly  in 
carbonic  acid — also  with  various  degrees  fff  brightness  under  water,  milk 
and  oil, — lost  its  pihosphorcsccnt  pf)wer  in  avacutmi,  but  recovered  it  when 
the  air  was  rc-adniitted, — and  was  linally  exttnguighed  in  Bu!i)hiiretted 
hydrogen  and  chlorine  gas,  hot  air,  boiUng  water  and  alcohol.  (A.  Cooper 
and  .'\ppletun.) 

FhosphoresocncA^  has  likewise  been  obBcrvcd  in  the  flesli  fif  n.^cn, 
calves,  wethers,  lambs,  pigs,  fowls,  eagles,  swallows,  ami  yerpents  (F'abr. 
ab.  Aquai)eudente,  Boyle,  lieale):  in  the  case  of  ox-flesii,  the  phospho- 
rescence cea.sed  when  actual  putrefaction  set  in.  (Hartholinas.)  At 
Orleans,  in  1780,  all  the  meat  in  a  butcher's  shop  became  phosphoreHCcnt. 
Veal,  in  0(jtcilH.'r,  thrc*  days  old,  t;ut  up  and  lieaten  soft,  but  not  yet 
stinking,  emitted,  at  a  temperature  between  12°  and  18'*C.  awhile  ligljt 
like  ]>h(>sphorus — was  covered  with  a  glutinous  substance — imparted  its 
luminous  property  to  tlie  fingers  for  a  short  time— coutuiued  to  shine  24 
hours  later,  at  which  time  it  began  to  smell  badly— and  even  retained  its 
luminosity,  tbotigh  fr>ebly  and  only  in  particnkr  places,  after  48  hours, 
when  the  stench  was  much  more  powerfuL  (Huchner.) — lien 'e  eggs  have 
also,  on  one  oc-easinn,  Iwen  seen  to  emit  light  when  opened. 

Ilulme  jtrnduced  phosphorescence  in  some  very  young  tadpilea  by 
preserving   them  in  a  Bolution  of  common  salt  and  eulphatc  of  soda. 
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Phnsphoreecence  is  also  exhibited  by  S^pia  ojia'nnik,  LoUgo,  and  nthcr 
BpL'cies  (ill  Sepia  ojf.,  according  to  Spallanzitiii,  tlic  light  dtx'3  nut  attain 
its  greatest  inteiiHity  till  putrefaction  is  ci)inpletely  set  up) ; — atx'<jrdiug'  to 
Leuckart,  by  dead  Aph/i^iT,  various  K[tecies  of  Doris  and  Ilnlothnria ;  accor- 
ding to  Ticdeniiinn,  by  dead  sen-stars-,  according  to  Redi,  by  a  Taenia i 
according  to  Redi,  Spallanzani  and  TjlesiuH,  Ity  medusae  24  hours  after 
death  ;  and  according  to  an  observation  of  Leo  Allatins,  by  the  refuse  of 
di-ad  oralis. 

Luminosity  is  most  readily  exhibited  by  sea-fish,  viz.  S*ptats  Spinaur, 
and  Pristis  ;  Tetrojon  Mold  :  Muraaiu  Ildfim  ;  (iadus  Aeglvjimis  ;  Morhua 
MerlaiKjns  and  virtius ;  Corifpftacmi  Ilippurus ;  Cottus  Scorpius  and  cata~ 
phrncfuA ;  PlrnrontcteJt  PLUe.fsa ;  Scomber  Scomber  and  Pelavm ;  Perca 
vitinna ;  Trigla  volitans ;  C'ltipea  Uarengits ;  Salmo  SaUtr  and  Trutta, 
Fresli  water  fish  may,  with  Bome  difficidty,  be  made  to  emit  light  by 
nibliing  them  with  Bait  and  laying  them  in  a  mojierately  warm  pluoe. 
Ilriurich,  after  many  fruitless  atteiupti>,  Bucceeded  by  this  process  in 
milking  the  Eaox  Indus  emit  a  very  beautif  oi  Ugbt,  and  tlie  Sihirus  Glanu 
a  faint  light. 

Phosphorescence  shows  itHclf  in  a  day  or  two  after  the  death  of  the 
fish,  provided  they  are  kept,  neither  boiled  nor  salted,  in  a  moist  condition, 
at  a  tein].>erHture  of  about  12**  to  18"  C  and  in  conlact  with  air  or  oxygen 
gns.  thi  the  contrarj',  no  fihoaphorescence  is  producetl  either  in  carboiiio 
acid  or  8nl|>hurotted  hydrogen  gas,  or  again  wlicn  the  fish  are  kept  from 
cr>utact  of  air  by  i^>acking — in  which  case  Ihey  may  in  winter  be  brought 
to  the  phosphorescent  state  by  exposure  to  tho  air  after  they  have  been 
kept  for  fourteen  days  ;  <■.  ^.  shell-fish.     (Ileinrich.) 

Phosphorescence  begins  at  the  head  of  llie  fish,  i>articiilarly  about  the 
eyes,  then  extends  to  the  belly,  and  lastly  t^)  the  tail.  (i^£artin,  Scliu^, 
Abhandl.  23,  224.)  According  to  Dessaignes,  the  luiuiuosity  is  most  con- 
spicuous on  the  aponeuroses,  ligaments,  capsides,  and  milts, —  in  short  on 
the  gelatinous  jxirts,  not  im  those  of  muscular  structure.  The  iutenial  parts 
do  not  emit  liglit  till  they  have  been  exposed  tu  the  air  for  a  time.  S<jmc- 
tim«;«  there  exudes  from  the  animals  a  glutinous  litjuid,  which  is  at  first 
clear,  Init  nfterwanls  becomes  thick  and  turbid,  and  then  luminous. 
(Dessaignes.)  This  lumuious  slime  may  te  spread  U|ion  thi-  fingers  and 
4>ther  foreign  liodies.  Huhne  made  a  luminous  sohition  itf  this  substance 
in  fresh  water,  sea-water,  or  a  chlute  solution  of  common  salt,  Glauber's 
salt,  or  sulphate  of  magnesia,  bj'  inunersing  tlie  llesh  of  lierrings  or 
whitings  in  these  liquids;  after  three  days,  a  luminous  jnng  fonned  on  the 
Burfacv;  when  agitated,  the  whole  mass  of  hquid  became  photiphoreeceut, 
and  often  continued  so  for  several  days. 

According  to  Ilulme,  no  rise  of  tem|KTatiire  is  observable  during  the 
phosphorescence.  According  to  Dessaignes,  the  phenomeuou  is  iux-omptuiied 
by  formation  of  carlK>nic  acid  in  the  air. 

A  freezing  ternjierature  interrupts  the  phosphorescence ;  »  slight  liao 
of  t<*infi»:'rature  increases  it;  a  boiling  heat  destroys  it  for  ever.  (Uulme.) 
—Abstraction  of  water  destroys  the  huninosity  of  the  fish;  c.  </.  if  it  be 
smpended  in  a  vessel  containuig  quick  lime.  (DessaJgncH.)  The  action 
of  jmlurated  dilutions  of  various  salts,  alkalis,  sulphide  of  potassium, 
ncidfl,  alcohol,  unil  ft  her,  mayixrhaps  be  similar;  nevertheless,  their  hght- 
deatroying  {>«iwor  may  alsfi  prm'ecd  finm  another  cau.st> — since  dihite  ACtda^ 

•  cnrlxinic  and  hydmsulphuric  acid,  and  likewise  lime-water,  destroy 
fiBphor<'«cenci>,  (Uulme.)  The  luminosity  is  increased  in  intensity, 
irlened  in  duration,  by  dilute  solutions  of  <xtmmon  salt,  Glauber's 
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salt,  (thoephatc  of  sodsv,  sulphate  of  niagrieHia,  nitre,  nugar,  and  honey, 
(nuhdi'.'j  According  to  Hiilmc,  a  UiminouB  fish  diminishes  in  brightness 
whfti  placed  in  a  vacuuiii ;  according  to  IlassaigiieH,  it  ceases  to  Bliine  in 
vactio,  but  regains  its  liuuhioRity  wlien  the  air  is  ro-adniitted.  In 
nitrogen,  hydrogen,  carlxmic  acid,  and  sulfihurotted  hych-ogen  gas,  the 
fish  continues  to  shine  for  a  8hi>rt  time  only-  (DeBsaignen,  11  ulnie.)  In 
hoiled  water  or  sea-water  it  soon  censew  to  shine  when  the  air  is  kept 
from  it ;  but  if  air-bubbles  make  their  a|ipearance,  the  pho8]>hnrescc'nco 
reapiH-'ars,  and  contijiue«  for  a  time  proportionate  to  the  qnautity  of  air 
present.  In  orduiary  fat  oil,  the  liwh  continueR  to  shine  for  24.  houre ;  but 
if  the  oil  has  l>een  boiled,  the  Ught  ceaseB  as  soon  as  the  fish  is  pat  into  it. 
(DeRsaignoB.) 

The  fish,  when  left  to  itself,  conthineH  phoBph orescent  for  some  days 
uutil  fetid  putrefaction  ensues,  and  theu  the  hght  disapfxjai's. 

2.  PJioaphnrescence  of  Putrefi/ing  Plants. 

The  complete  decay  of  the  various  parts  of  a  plant  is  also — when  the 
temjK^rature  ia  moderate,  and  moisture,  and  a  small  quantity  of  air  are 
present — sit  times  aceom])ai»ied  by  a  j>eeuliar  decnmj)Ositioii,  resulting-  in 
the  development  of  a  substance  which,  like  phoBj^hnrus,  burns  at  ordhiary 
temperatures,  producing  light  aud  a  small  quantity  of  heat.  Never- 
theless, this  substance  cannot  W  pliosphonis  (especially  in  wood  which 
does  not  contain  that  element),  but  umst  rather  be  considered  as  a 
peculiar,  and  easily  condiustibh^  ccmjiound  of  carbon,  hydrogen,  and 
oxygen,  resulting  from  the  decomposition  of  the  original  proximate  con- 
HtituenJs  of  the  plant. 

The  phosphorescence  is  chiefly  conspiaious  in  lyood,  as  well  in  that  of 
the  root,  as  in  that  of  Jlte  stem  aud  branches.  The  pho8])horesc€nce  has 
has  been  observed  in  the  wftod  of  Qunvus  R<ibvr ;  FaguA  CoAtanea ;  and 
siflvatica  ;  Brtula  alba  and  Afnm;  Corifhis  Ardhuia;  Pinux  Abies,  Strobu3, 
picea  ;  and  Bylrestris;  Jug/ans  rtgia ;  and  some  species  of  willow. 

The  decomposition  of  tlie  wood  niust  take  place  in  a  situation  where 
lint  a  moderate  quantity  of  moisture  is  present,  and  the  air  is  almost 
excluded,  in  which  case  the  wood  will  remain  white  ;  when  there  is  much 
moisiiu-e  aud  free  access  of  air,  it  is  reduced  to  a  brown  pnlvernlent  nia«s 
which  is  not  lumuions.  Phftsphorescent  wood  is  often  but  little  decom- 
posed, and  retains  u  great  deal  of  its  liardness.  (lleinricli.)  John  (Schw. 
14,  41.^)  saw  light  emitted  by  splinters  of  wood  from  a  newly  felled  pine. 
Old  wooden  pij^es  often  exliibit  phosphorescence  when  taken  out  of  the 
ground.  When  roots,  which  have  been  dead  for  some  years,  are  taken 
out  of  the  earth  and  kept  in  a  rnriderately  damp  pilacc,  they  often 
become  phospliorescent  after  a  few  days.  (Xleinrich.) — According  to 
Dcssaignes,  the  phosphorescwncc  ceases  when  the  temp<'raturo  fall»  to 
-I-  6°  C  {^2-6"  Fah.) ;  according  to  Ilemnch,  it  shows  itself  even  at  if  0. 
fainter  hidecd,  but  more  durable,  continuing  for  more  than  fifteen  days. 
By  boiling  water  it  is  irrecoverahly  destroyed.  Wood  healed  in  the  air  to 
the  Injiling  point  of  water  recovers  its  luminosity  by  inmiersion  in  cold 
water.  (Ileinrich.)  Wood  loses  its  phosphorescent  pro|x>i"tieK  hy  drying; 
wood  which  when  exposed  to  the  air  ceases  to  emit  light  after  two  or 
three  days,  remains  luminous  for  fourteen  days  when  wrapped  up  in  moist 
blotting  paper.  (Heinrich.)  In  a  vesBel  containing  quick-lime,  it  soon 
ceases  to  shhie  (Dessaignes)  ;  hut  by  moderately  wetting  it,  the  jthosphor- 
esceucc  may  to  a  certain  extent  be  restored. 
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W(X>il  dnos  not  flliine  for  a  lonj^er  timn  or  with  greater  intonsity  in 
oxygen  g^.iH  than  in  cfnnm<in  air  (Hninrich,  Dpssaif^nea)  accorditif;:  to  Bbck- 
man  and  Gartner,  it  doi'H  not  shine  tndrt*  hrightly  but  Innyer ;  accordiug  to 
Spallanzani,  it  Bhines  >vitli  i^cattT  brif^htncsH.  Arxrording  to  DcHHaigiies, 
till!  phosphorescence  is  bri^'-htcr,  but  <>f  rthortur  (liaatinn  in  <v>ni(irosscd  air. 
The  eainf;  ribBcrvcr  fmnul  tluit  the  phrwphnrt'fioentv  graduaUy  difd  away 
in  u  vacuum,  llcinricii  nmld  nut  produce  any  (Jecreaso  of  huiiinosity  by 
rarefying  the  air.  In  nitnt^fcn,  tiyilroj^a'iu  and  phnspliuietted  hydnij;;cn 
gjie,  the  W(H)d  reruains  himiunus  fur  only  a  few  hourw.,  iind  thi^n,  aocurding^ 
to  Sj>allan7.ani,  recovers  its  huninosity  on  tlic  re-a»hni.ssioii  <if  conunon  air; 
in  fluoride  of  riilieou,  chlorine,  aininoiiia,  hydrochloric  acid,  carbonic  acid, 
and  Kulphmvttft!  hydrof'-cn  pas,  its  pliosphoreHCfnce  cx'ases  in  a  few 
njiniitcK,  and  cannot  bo  wholly  restoreil  by  contact  of  atr.  (Kfickmaun, 
Giirtncr,  Ueinrich.^ — In  iniboiled  water,  fat  oil,  and  (nercury,  the  phrjg- 
phorescence  c<*:isi's  after  an  ititorval  varying  frnrn  G  to  24  hours;  sooner 
m  alcoho!,  ether,  boiled  oil,  lime  water,  solution  of  sulphide  of  y^otassium, 
dilute  acids,  ami  sulino  Holut ions  ;  instantly  in  suljjimric  acid.  Saturated 
solutions  of  sal-annnoiiiac,  nitre  autl  coninion  salt,  produce  at  first  an 
increase  of  luminosity.     (Giirtncr,  ITeinrich,  Dessaig'ueH.) 

The  phosphorescence  of  wood  in  air  or  oxyj^'-on  f^&a  is  attended  with 
consumption  i>f  oxyjijen  and  production  of  carbonic  acid  witlitjut  [K'nx'ptiblo 
diminution  of  volume.  (Dessai^ies.)  Air  pumjied  out  of  decaying-  wood 
contains  a  little  oxyjifen  with  a  jji-read  (h-iil  of  carbonic  acid  gi»8.  (De8- 
saijji'nes.)  Ilcnce  rnay  be  explained  the  fact,  that  wood  couthiues  to  emit 
liylit,  even  in  media  which  contain  no  oxyjjcen,  provided  tliey  do  not  exert 
a  destructivo  action  ou  the  plmspborescent  mutter. 

Potat<x-8  kept  in  a  cellar  till  they  In-gan  to  gcmiiuate,  were,  in  one 
instance,  observed  to  emit  tight  on  iM-ing  eut  o]H-n.  {J.  Phys.  33,  "225  ; 
also  Grcn,  J.  d.  P/ii/s.  2,  420.) — Kortum  (Voigt,  n.  Nog.  2,  C7)  freijuently 
observed  phusphorescenec  in  valerian  roots  while  yet  tolerably  freslu — 
Fn;8h  lortneutiMa  n:)ot«  gatliered  in  August  liave  been  f»een  to  emit  light, 
particularly  on  those  parts  where  the  lust  year's  nodosities  wen?  situated. 
(lierl.  Jahrb.  1,  174.) — Likewise  gourds,  uiuslinnjuis  and  ]>eat,  are  said  to 
be  8omctunoa  phusphun'sei'iit. 

Gobel  {Svhw.  4<i,  2o7)  allowed  some  raspberry  inice  mixed  with  sngu* 
to  ferment  in  a  cask,  into  the  bnng-holc  of  wtiicli  was  inserted  a  gluHS 
tuU'  1  iridi  wide  and  3  feet  long,  filled  with  the  same  juic^,  bo  that  the 
CJirbonic  acid  g^,  deve]o[HMl  by  the  fermentation  was  conipi'lled  to  escniw 
through  the  tulx*.  The  bubbles  of  gas  vvliiih  thus  jisceniled  continued  to 
cxhiiiit  phos[)horescence  for  more  than  an  hour.  The  light  of  the  bubbles 
was  stmngcMt  just  as  they  passed  from  the  cask  into  the  twl«,  diminishod 
in  intensity  as  tlx/y  ascended,  and  disap|)eared  completely  when  they 
came  in  contact  with  the  air.  When  the  gas  was  collected  by  means 
of  a  gfae-deUvery  tulx'  a<laptcd  to  the  tulK'.alM)Ve-mentioned,  it  was  no 
longer  phoflpht>resrent,  had  no  suk'II,  and  oxiiibited  with  ammonia  the 
rt'ortion  of  pun*  carbonic  acid.  (Gribel  and  ScliMeigger  suggest  that  tiie 
development  of  light  iji  this  ex]>erimeiit  may  be  due  to  electricity :  bat  it 
18  |)ossiliIe  that  the  cftrlM»nic  acitl  gas  may  have  been  mixed  with  a  very 
BUiulI  quantity  of  a  vtthitile  and  combustible  organic  matter  phkIucimI  by 
the  fermentutirtn ;  and  that  this  su!»Htance  may  have  Iteeft  liunit^  with 
devel(»pnieBt  of  light,  by  C4)nd>iuing  with  the  oxygen  of  the  air  proliably 
Vld  in  solution  by  the  juice  of  the  tube,  before  the  bubbles  reucJicd  the 
•}  of  the  tul>e.) 
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Development  of  Light  unaccompanied  bif  antf  alteration  in  the  Pondtrahle 
Matter  of  Bodies. 

a.     DevelopmerU  of  Light  after  exposure  to  Light. 

A  great  number  of  bodies  have  the  proiwrty  of  shining  in  the  dark 
when  they  have  previoustly  been  exposed  to  fight :  such  bodies  are  said  to 
exhibit  phoBphoreijeence  by  Imolation  or  Irradiation.  The  cauae  of  this 
phenomenon  is  probably  that  the  bodies,  by  being  expOBod  to  Light,  abs'ub 
a  portifin  of  it  unalteied  into  their  snbstance  by  adhesion,  and  subse- 
quently give  it  out  in  a  dark  place, — because  tliere  the  effort  of  the  light 
to  diffuse  itself  uiufondly  through  the  apace  devoid  of  light  overcomes 
its  adhesion  to  the  p<Hidorable  matter. 

Phosphori  hij  Irradiation,  Light-ahaorhers,  Light-magnets,  arc  trans- 
parent or  opaque,  colourless  or  slightly  odoured,  but  never  black  sub- 
stances. 

The  best  phoephori  by  Irradiation  are  the  following :  Diamond  (some 
diamonds  however  have  no  phosphoreseencc.)  (Ileiiirwh.) 

Boiinoiiian  Pho/!j)horns,  (1.)  A  paste  made  of  gum  tragacanth  and 
powdered  heavy  spar  free  from  ir*!!!  and  dried,  is  placed  in  layers  between 
Bmall  coals  in  a  wind-fumace  (or  in  a  crucible, —  Wacfi)  ignited  for  an 
Jitiur,  and  transferred  wliile  yet  warm  into  well  stopped  glass  vessels. 
(John.)  3  or  4  per  cent,  of  njagneHia  mixed  with  the  powdered  heavy 
Hpar  improves  the  phoHphnreKcencc  considerably.  (Wach.)  (2.)  Osann 
|Misf!es  hydrogen  gas  over  sulphate  of  baryta  heated  to  redncsg  in  a  tube. 
(3.)  Daguerre  fills  a  raarrow-hone,  as  thick  as  can  be  procured,  freed  from 
fat  and  tided,  with  heavy  Hjvar  fwrnnded  in  a  mni-mefultic  mortar — lutes 
it — incloses  it  iu  a  tube  of  iron-plate  or  cast-iron — Hiirrounds  and  cftvers  it 
completely  with  {ire-clay — exposes  the  whr)le  to  a  red  heat  in  the  furnace  for 
at  least  three  hours, — then  removes  the  clay  fmm  the  bone(wIiich  should 
be  wtiite  after  cooling, — a  grey  colour  would  sliew  tliut  it  had  not  been 
heated  long  enough),  breaks  it  up  on  papK;r — and  preserves  the  white  or 
pale  yellow  phos])ljoms  tlvus  obtaitied.  If  it  lie  heated  once  or  twice 
more  in  a  fresh  bone,  its  phoflphoresceiit  prnjierties  will  be  greatly  in- 
creased. The  sulphate  of  baryta  used  must  l>e  perfectly  free  from  iron 
and  other  heavy  metals. 

Strontian  Pfioirphivttii  may  be  prepared  in  a  similar  manner  (1)  from 
ccBlestin  (John):  its  luminosity  may  l>e  greatly  increased  by  the  addition 
of  3  or  4  pfrr  cent,  of  magnesia  to  the  powdered  ccelestin. 

Catiton's  Phoq)horua.  (1.)  Canton  ex|M)aoa  a  mixture  of  3  ]Mirt8  of 
sifted  and  calcined  oyster  shells  and  1  part  of  flowers  of  sulphur  to  a 
strong  fire  for  an  hour.  (2.)  Groltliuss  places  oyster-shells — which  have 
been  previously  cleaned  and  ignited  by  themselves  for  half  an  hour — in 
alternate  layers  with  ]M>uiidpd  sulphur  in  a  cnieible,  the  inner  surfaces  of 
the  shells  being  turned  dowuwards, — and  heats  the  crucible  in  a  wiud- 
funuice  fur  at  least  an  hour.  The  oyster-shells  must  be  previnnsly  well 
burnt  so  as  to  remove  all  dark  spots,  and  their  inner  surfaces  must  be 
cleaned  from  iidhering  ashes  with  a  soft  brush  which  will  not  injure 
them.  The  phosphorus  is  more  Inminons  when  the  bunit  oyster-ahella 
are  heated  with  sulphur  in  their  entire  state  than  when  they  are  pounded. 
Moderate  ignitiuu  fur  half  an  hour  in  cuntact  with  sulphur  is  gt>nerally 
quite  sufficient :  more  fwwerful  and  longer-sustained  ignition  produces  a 
phosphorus  which  is  but  faintly  lumhioua.     Pure  lime  heated  with  sul- 
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phor  yields  a  mocb  weaker  phoHphums  than 


t  prodnced  from  oys 
magnesia.  (Wach.)    (3.)  ] 


hums 
sbeDs,  because  the  latter  coutaiua  a  litt 
saignee  ignites  gypsum  mixed  with  flour. 

0Bami*8  Phfispbori. —  a.  Antimonial  Phaiphorus :  Formed  by  placing 
cleaned  and  ignitod  oyster-sLcllB  in  alternate  la^-ere  with  finely  pounded 
sulphide  of  antimony  in  a  well  covered  crucible,  and  heating  the  mixture 
for  an  hour :  after  cooling,  the  white  pieces  arc  to  l>e  picked  out,  the 
yellow  and  black  cmes  thrown  away. — b.  Realgar  Phoxphonn :  The  same 
mode  of  pre{»anition,  but  using  realgar  instead  of  sulphide  of  antimony.— 
c.  Artenical  Pho»p}ujru8 :  A  paste  formed  of  neutral  arseniate  of  baiyta 
and  gum  tragacanth  is  dried  and  ignited  for  half  an  hour  between  coals 
or  on  an  earthenware  support ,  it  has  a  grepsh  yellow  cf>lour. — rf.  Burnt 
oyBter-sliclls  treated  as  in  a  with  orpiment  instead  of  sulphide  of  anti- 
nioiiy,  or — e. '  with  mosaic  gold,  or—/!  with  cinnabar,  or — g.  with  a 
mixture  of  sulphur  and  zinc-blende,  or— /j.  with  arscnious  acid.  Of  all 
these  phoKphorescent  compomids,  the  most  Imninous  are  a,  6,  and  e. 

Wtinh'i  Phivjihori:  a.  Burnt  oyRter-shells  thinly  spruikli'd  with  sola'* 
lion  of  artificial  terpulpliide  of  arsenic,  covered  after  drying  with  ponnded 
sulphur,  and  ignited  in  a  covered  crucible,  pn^duee  an  excellent  pliospho- 
nis. — b.  Thretf  parts  of  burnt  oyster-shells  disposed  in  alternate  layers  with 
1  part  of  a  mixtiuxj  of  10  parts  of  Howcrs  of  sulfihur  and  1  j>art  of  oxide 
nf  antimony,  and  moderately  heated  in  a  covered  crucible. — c.  Similariy 
with  oxide  of  zinc. — d.  With  oxide  of  cadmium. — e.  With  peroxide  of 
\\i\.—f.  A  solution  of  arseniate  of  ammc^na  is  dropped  xipon  calcined 
oyster-shells,  which  are  then  sprinkled  with  sulphur  and  ignited, — Simi- 
larly with  chloride  of  antimony— A.  With  sulphate  of  zinc. — i.  With 
sulphate  of  caduiiuui.—  k.  With  protochloride  of  tin. — /.  Good  phosphori 
are  likewise  obtained  bv  igniting  hypoeulpbitc  or  sulphite  ol  baryta, 
Btrontia,  or  lime,  particularly  hyposulphite  of  lime  mixed  with  3  or  4  per 
cent,  of  magueBJa, 

IjiKtlv,  among  good  phosphor!  may  l>e  enumerated :  ITombfrg'a  P4o»»^ 
p/ionis  (chloride  of  calcium,  which  Uondx^rg  fonned  by  melting  1  part  ol 
Hal  ammoniac  with  2  ]>iirtH  of  slaked  lime);  BuUhcin's  PhottjifujTvs  {uhmia 
of  lime  fused  till  the  nitric  acid  begins  to  decompose) ;  many  kinds  of 
fhior-K|)ar.  as  the  chlorophane  of  NertschinHk  (Grottlmss),  and  a  variety 
of  flui>r-s[K>.r  from  Daunria  {Schir.  49,  259);  slrontiantte  ;  arragonitc  | 
calcHpnr;  marble;  stalactites;  chalk,  and  slighlly-bunit  oyster-shells 

Ia'kh  jxiwerfuily  luminous,  according  to  Heinricli,  are:  Crystallized 
Isiracit;  acid,  Hal-anmn>niac,  snlphate  of  pntaHh,  nilre,  crj^stallizcd  carboi 
natc.  In  irate,  and  Rulphato  of  soda:  rock-salt,  witherite,  radiatitig  heavy 
emr  from  Uolngna,  sclenite,  fibrous  gypHum,  alabaster,  arlilirial  snf- 
\)mU'  of  lime,  (common  fluor-spnr — Grotthuss),  crystallized  sulphate  of 
iii:i;:;iie»ia,  crystalUzed  alum,  amenious  acid,  pharmaooUte,  freshly  pre- 
ptut.d  <l«iwcrH  of  zinc,  Hulphat^;  of  mercury,  tartar,  benzoic  acid,  loaf-sugar^ 
sugar  iif  milk,  bleached  wax,  white  paper  (especially  when  it  has  bi«a 
heated  almont  to  burning:  yellow  imd  ml  }«i|)er  are  nearly  as  phospho* 
rewent  as  white  ;  dark  blue  pa|x?r  is  not  at  all  so — {Grottfiuuft);  egg-shellsj: 
coriilt*,  gniiils,  i>earls,  Ixmee,  teeth,  ivory,  leather,  and  skins  of  men  ana 
aninials. 

The  folldwing  are  yihosphore.scent  in  a  tolerably  high  degree :  Tartorio 
a^Tid;  almi  wi-ds,  grain,  fluur,  Ktarch,  cruniK  of  lin  ad,  gfum-arabic,  featherS| 
chicHe,  yolk  of  egg,  mnscnkr  tlewh.  tn-udons,  isinglnss,  glue,  honi — all  well 
diit  d  ;  moa-over,  the  albuniuni  fif  treee,  bleached  linen,  bleached  cottoa 
yarn,  and  other  bleached  vegetable  fibres. 
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Modci-atcly  phosphoresceut  are :  Ice,  oxide  of  autimony,  sulpliate  of 
zino,  -white  lead,  ii'*>n  pyrites,  alum-slate,  basalt,  potter's  clay,  fuller's 
eartli,  burlf  of  trees,  amber. 

Ft'chly  UuuiiiouH  lire  r  UoeleBtiii,  Hiiiiilt,  niag-iietic  iron  ore,  red  ochre, 
nndriod  Reedji,  Hour,  and  starch;  also,  acconliiig'  to  GniLtbuKS,  Miic  carbu- 
nate  of  ci»p|)er  {Kii/>fa--iftsijr),  aud  bei")'). 

Very  feebly  iiud  often  not  at  all  liiimnous  are :  Glaes,  Aillea,  rock- 
crystal,  aruethyst,  comeliiin,  pnise,  iu'liotnipe,  Happhire,  corundum,  chry- 
Bolite,  Hpinell,  emerald,  topaz,  tourmalin,  hyacinth,  {garnet,  melauite, 
leacite,  adularia,  common  ftrlspar,  zeolites  and  otlier  minerals  ;  chloride  of 
anc,  yellow  blende,  wood,  most  kinds  of  reaiii  and  gum,  silk,  and  animal 
BubHtaneiTTnot  well  dried. 

The  following,  acc/irdlng  to  Heiurich,  exhibit  no  phosphoreeceiicfi : 
Water  aud  all  other  liijuids,  sulphur,  graphite,  all  metals  in  the  free  state, 
baryta,  strontia,  hnie,  ajKitite,  red  lead,  red  oxide  of  mercury,  fresh  parts 
of  plants,  urd)leaehed  yarn  of  hemp  and  flax,  niiiiernl  pitch,  fossil  tar, 
coal  j»4,  turf,  charcoal.  Moreover,  accordiuy  to  Dessaij^ncs,  all  metalhe 
Bulpliides  except  tirpinierit. 

According  to  Dessaignes,  phosphorescence  ia  also  cxliibitcd  by  :  GIu- 
cma,  phoBphorite  from  Estremadura,  orpimetit,  llowcra  of  sutphide  of 
antininny  (ifpiegsfjhim-blinnen),  iiuiphate  and  ]jhortphate  of  lead,  proto- 
chloride  of  tin,  a  mixture  '>f  peroxide  of  tin  and  oxide  of  lead,  and  im[M?r- 
fectly  slaked  baryta,  atroutia,  and  lime. 

Thetjc  bodies  wilt  not  shitie  in  the  clark  miless  they  are  first  cx])osed 
to  light:  even  the  Bologinao  and  (./antiui's  phoHphunis,  which  are  pro- 
p«red  bv  ignition,  do  not  shuie  when  left  to  co<»l  in  the  dark  and  not  tirst 
exposed  to  li^^bt  (John):  neither  do  the  realj^r  and  juitimonial  phos- 
pliori,  eveu  when  heated  to  10(1"  C.  (Osanu.)  Most  of  these  bodies  re- 
quire to  be  exiKtsed  to  the  direct  ra3-8  of  the  hwu  The  Cantonian  and 
Bolognian  phosphorus,  diamond,  paper,  chloropliane,  ffuliihate  of  f»o1asli 
atid  eoiuinou  salt,  are  rendered  huiiinouH  by  rellected  Hunhght ;  the  fivu 
BubHtances  liret  named,  by  strong'  lanifi-llg'ht ;  ihe  Bononian  phits|ihoniH, 
and  Osann's  pliosphori  a,  h,  c,  by  the  light  i»f  phoHpliorus  bnrning'  in 
oxytjen  gU8.  (Phosphorurt  burning  in  oxygen  gas  under  a  bell-jar  makes 
Canton's  phosphorus  but  very  feebly  liiiiiinonss,  because  the  light  passes 
through  the  glass — E.  BtcqnercL)  The  last  three  phosphor)  (not  the 
Bolognian)  are  also  rendered  ]>hospliorcHcent  by  the  light  of  sulphur 
burning  in  oxygoji  gas,  ami  even  by  the  light  of  a  tallow  candle,  placed 
at  the  distance  of  a  foot ;  the  antiniuuial  (ihosphorus,  hkewise  by  the  light 
of  white  hot-iron  at  the  distance  of  a  font;  (in  the  last  ex|(t.'riinent,  the 
phosplionia  was  ])laced  in  a  disli  sunonnded  with  ice);  burnt  oyster-shells 
by  the  tight  of  burning  itlcohol  impregnated  with  ettmmou  salt ;  Canton's 
phosphorus  and  s<mie  diamonds  are  also  reudere<l  luminous  by  mootdight. 
The  intensity  of  the  emitted  light  is  however  always  projiortinnal  to  that 
of  tlie  ligiit  by  wliich  the  phosphorescence  has  been  excited.  Bodies  may 
bo  rendered  huninons  by  irradiation,  eveu  when  ixnmersed  in  water. 
(Ileinricb,  Dessaignes,  Osauu.) 

Canton's  phosphorus,  after  being  exp<')8ed  to  daylight  for  two  seconds, 
exhil)its  ilie  greatest  luminosity  when  immersed  in  water  :  the  light 
appears  to  be  somewhat  fainter  when  the  substance  is  freely  exposed  to 
day-light  :  fainter  again  when  the  light  falls  npoii  it  through  a  jtlate  of 
rock-crj'stal  7  inches  thick  ;  still  fainter  when  it  passes  thrcmgh  blue 
g'lass,  and  faintest  of  all  when  the  light  reaches  llie  pliosphitrus  after 
[posaiiig  through  a  plate  of  white  glass  3  millimetrcB  thick,  or  through  a 
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Hhect  of  solid  gelatin.    When  the  irradiation  continues  from  10  to  20 
Beconds^  the  difference  is  no  longer  perceptible.  (Biot) 

Of  all  the  coloured  rays  of  tl)e  priem,  the  violet  (or  the  bine  accordin 
I  to  Orotthuss)  and  the  invisible  rays  beyond  the  violet  acts  most  p<3wer« 
I  fully  in  producing  phosphorescence.      This  power  diminishes  with  thi 
I  tcfrangibility  :  according  to  Ileiiirich,  the  red  ray  does  not  induce  phoa 

i)hore8cence  in  the  diamfmd ;  according  to  Seebeck  and  Gmtthnss,  a  lecbll 
nminofiity  is  induced  by  the  red  ray,  and  according  to  Seebeck,  by  tiu 
'invisible  rays  adjoining  it.     Phosphori  wliieh  have  been  rendered  liimi 
nous  by  cofourless  light,  cease  to  shine  much  sooner  in  red  light  than  ii 
the  dark ;  and  instautaneou«ly  when  ex[x>scd  to  red  light  cencentratedl 
by  a  lens.  (Seebeck.)     Similar  opposition  of  effects  is  producoB  by  light 
which  has  passed  through  ctiloured  glasses.     Light  transmitted  through 
blue  glass  makes  Canton's  phoHplionis  alniont  as  luminous  as  colourless 
light  concentrated  by  a  lens;  behind  red  gloss,  on  the  contrary,  the  pho8«- 
phorus  not  only  fails  w  acquire  luminosity,  but  ceases  to  sliine  wh< 
previously  irradiate*!,  much  Bfx>ner  than  it  would  if  placed  in  the  dark 
(Seebeck.)    Osann's  phosphori  a,  b,  and  c  bi-come  8tn)iigly  phosphoresce!] 
under  colourless,  violet,  and  blue  glass,  faintly  under  light  green  and  ligli 
yellow,  very  faintly  under  orange-coloured,  ami  scarcely  <>r  not  at  a 
under  red  glass.  (Osann.)    Calcined  oyster-shells  become  strongly  lumi 
nous  when   expctsed  to  day-light  under  dark  violut  glass  (which  whei 
analysed  by  the  prium  a]i|H.'ars  to  consist  of  violet,  blue,  and  red),  ver 
faintly  under  bluish  gieon,  and  scarcely  at  all  under  homogeneous  re< 
^lass  coloured  with  suboxide  of  copper.  (Biot  and  E.  BecqucreL)     Bologi 
nian  phosphorus  pre|Mired  according  to  (h),  half  covered  with  a  plate  o( 
blue  glass  and  exfM^tsfil  to  sunlight,  Ix-comes  less  luminous  in  the  direct 
light  of  tht'Hun  than  under  the  lilue  glass.  (Daguerrc.)    The  same  result 
therefore  as  that  »»btainiMl  by  Soehc-ck.     It  apjx-ara  fr<»m  this  that  colour 
less  light  contains  rays  which  opiposc  the  production  of  phosphorescence 
viz.  the  orange,  as  stu  )wn  hj  St-cbcck.     1 1  i.s  therefore  the  chemical  rayi 
of  light  by  which  plioHjihoresoenco  is  produced. 

Chlorophane,  Canton's  and  the   Bnnnnian  [diosphorus  insftlated  at 
tem[M.'rature  of  -  31"  C  (  -  24'**Fah.)  shine  at  +  10°  C.  (50°  Fah.),  long« 
and  with  greater  intensity  than  whun  they  have  h^en  cx^Kised  to  light  i 
-}-  31*  C.  (88''  Fah.)  (Orotthuss).     Pfiosphni-i  newly  iirejMired  by  ignitit 
and  exrKJBcd  to  light  while  yet  hot  acquire  httle  or  no  luminosity:  it 
only  when  cool  that  they  are  susceptible  u(  the  intluenee  of  irrudiatioa 
(Usann.)    Canton's  phosphorus  insolatecl  at   tempenitures  from    100° 
200*  C,  and  then  taken    inmiediatcly  into  a  dark  room  eiliibits  but 
feeble  light.  (E.  Becquerel.) 

A  mea'ly  momentary  irradiation  |»rodtices  i>hosphorescence,  thoug 
but  for  a  short  time  ;  longer  continued  iiTa<liation  does  not  prudufl 
stronger  or  more  lasting  ])h*isphorescence  than  irradiation  for  10  second 
only.  (Dessaignes,  Heinrich.)  Pulverized  phosphori  exj»osed  in  masses 
to  light,  shine  afterwards  imly  on  the  surface,  and  when  stirred  with 
T<»d,  exhibit  dark  streaks.  (Osann.) 

The  phoMphorcHcence  is  sometimes  so  weak  that  it  can  only  be 
Oeivo«l  by  an  ej'e  which  has  been  in  the  dark  for  a  long  time;  but 
phosphori  often  shine  in  twiUght.     Wach's  phos[)hori  are  visibly 
phorescent  even  by  daylight,  and  illuminate  a  dark  room. 

The  duration  of  the  phosphorescence  varies  greatly  according  to  tL 
nature  of  the  body.  CanKm's  phosphorus,  after  being  exposed*  to  bus 
shine  for  10  seconds,  shines  for  10  hours  according  to  Dessaigues,  and  ffl 
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5  duye  according  to  Grottliuss;  clilorophane  for  10  days  according  to 
GrottliuBS,  and  30  to  6(J  iniuutcfl  according"  to  llL-iiirich;  Bulogiiiari  pbo8- 
phurU8  prepared  by  (3),  for  48  Incurs  according  to  Dagucrre,  1  liour 
according  to  Heiiiricb,  4  minutes  accordiiig  to  UHauii,  and  80  seconds 
according  to  DcBsaigJics; — realgar  phusplioruH  forsnjnc  Iioupk;  nntinionial 
phoapliorns  for  141*  minutes ;  arsuniciil  plioaphorus  for  34  niiuiitcB  (Osaiui) ; 
diainoiKl  from  5  secnnda  to  an  hour;  common  iiuor-sjtur  from  1  lo  30 
minutoB  ;  moHt  aalta  and  organic  HubHtancca  fmm  6  to  2{)  seconds ;  minerals 
for  a  etill  sliorter  time.  (Oeflsaignes,) 

Tlie  colciur  ui  the  light  varies  in  an  eijual  degreo  according  to  the 
nature  of  the  substanccH.  Most  of  them  emit  a  white  liglit,  diamond  and 
liologuiari  pho8[^boru8  a  yellowiyh  red, — arBenical  pboHjjIiorns  a  yellowiBb 
red,  when  bniger  ignited,  a  reddish  yellow,  nrid  after  still  lunger  ignition  a 
colourletiH  liglit, — Canton's  phosphorus  a  light  yellow  rose-red  or  pale 
violet, — phoaphori  from  oyster  shelis  and  cinnabar  a  yellow, — antinioiiial 
phitsptiorus  a  light  green,  or,  when  it  has  been  ignited  for  a  long  time,  a 
ccjlourless  light, — glneina  and  chlontplianea  green, — stroiitian  [ihosphorus 
a  green  or  bluish  light, ^realgar  phosphorus  a  blue  light,  in  some  places 
yellow  and  pur[>Ie  red,  t)ut  after  strong  ignition  a  white  light,— phosphori 
from  oyster  shells  and  mosaic  gold  or  blende  a  bhiisb, — calcined  oyster- 
bIicIIs  a  red,  and  in  mnuQ  parts  a  pule  blue  light.  \Vucli's  phosplutrtis 
a  gives  a  blue,  b  a  white,  c  a  bright  green,  bluish  in  parts,  d  a  deep 
yellow,  and  e  a  white  light ;  the  part  _/"  sprinkled  with  arseuiate  of 
anmiouia  ap{K>ars  of  a  tiery  red  with  a  gi-een  bf>rd(T;  that  moistened  with 
chloride  of  antimony^,  a  yellowish  red  with  lighter  liorder;  that  with 
white  vitriol  A,  a  faint  light  with  a  bright  bluish  luminous  Koue ;  that 
moistened  with  sulphate  of  catlmimn  i",  a  bright  yeUow  with  bluish  circum- 
ference;  and  that  sprinkled  wnth  chloride  of  tin  i(-,  shines  with  a  faint 
yellowish  light  suiTounded  by  a  luminous  border.  Since  the  border 
generally  ehines  the  most  brightly,  a  minimum  quantity  of  metallic  salt 
Bcems  best  adapted  to  strengthen  the  iHuminating  j^wwcr  of  the  pthos- 
phoresccnt  bod}'.     ( Wach). 

This  colour  b*^ars  no  relation  to  that  of  the  light  by  which  the  phoB- 
phorescence  has  been  develo|)ed.  Thus,  diamond  or  Bolognian  phospliorus 
nisolated  with  the  bhie  or  violet  ray,  shines  witli  yeSlowiBh  red,  and 
Canton's  phosphorus,  under  the  same  circumstances,  with  tight  yellow  or 
rose-coloured  hght.  Hence  (irotthuss  concludes  tiiat  the  phosphorus  has 
the  pro}>erty  of  c*)nverting  eolourtess  into  coloured,  and  coloured  light  into 
light  of  another  coloiu- or  white  hght;  and  he  considers  the  differences 
between  the  several  rays  as  resulting  only  from  the  differout  velocities  of 
the  lateral  oscillatory  movements  of  the  rays,  the  direct  velocity  of  pro- 
pagation being  the  same  for  all. 

PhosphoreHtienoe  shows  itself  in  aU  transparent  media  which  do  not 
alter  the  o^Jinposition  of  the  phosphunjs;  the  diammid  sliuies  in  water, 
hydrogen  gas,  nitrogen,  and  nitrous  gas  (Ileinrich) ;  ciiloro]>hane  in  water 
(Grotthuss) ;  Canton's  phosphorus  in  a  vacuiun  and  in  all  gases, — but 
acid  gases  soon  destroy  its  luminous  power,  and  chlorine  destroys  it 
instantly  (Deesaignes) ;  similarly  in  water  and  alcohol  (Grotthufis). 

Tlic  phosphori  formed  from  realgar  and  antimony  retain  their 
property  of  shining  by  insolation,  when  kept  for  a  long  time  under  water ; 
the  former  does  not  shine  more  brightly  in  oxygen  gaa  tlmu  in  commou 
air.     (Osann.) 

The  'phosphorescence  of  these  bodies  shows  itself,  according  to 
Ilciuricb,   as    strongly  at  —  12**  as  at  +  25°.     A  higher  temperature 
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it  bat  diavtens  ito  dantkm.  Wbea  m  bodj  like 
or  cypwifiMae  ham  pe— cd  to  Mat  «t  «  certoia 
aeaiB,  ervii  ■mbUm  After,  wtm  its  tcmpwmfre  «  nisedt  «#.' 
bjr  Ike  wwatB  of  tlie  haiifd,  by  hoBmg  wmter,  or  the  a|iprnirii|iation  of  »  hot  j 
ina:  bat  it  aftei wmJ»  iggnirw  Tcngwed iniifihtinn to  whi  it  diiae  «ff>Mu ] 
(Caotno,  Grrtttlniss,  Osaan.)  Cantoo'e  pboepbontt  iaeoittted  in  « 
■ifait«f«,  Ottd  nmored  to  s  dark  pboe  witboat  being  taken  oat  of  the^ 
■tiUuie,  tliiae*  as  ctnmglj  as  if  it  h*d  been  inaolsted  sad  placed  in  the 
dsfk  at  tbe  or^aarj  tcmpcf state ;  bat  after  oeadng  to  ridne  m  the 
fnezing  mixtare,  it  agam  begins  tn  eaui  Kcbt  wben  nuaed  to  dieocifinaKj 
!«.  (EL  Beoqoerei)— Tbe  Bofognian  phospboras  prapamd 
to  (S),  and  spread  apon  a  plate  wluch  is  carried  in  tbe  opea 
the  fingers  to  aboor  tbotoogb  tbe  plate,  becaose  wbeie  taeir 
iranmii  b  ooadocled  tbroogh  the  pwe,  the  phosphocos  shinee  mwa 
brigbtlj.    (Dsgaene.) 

Translucent  eobstanoea,  sodi  as  marble,  Hkewise  emit  light 
soifaoes  of  fiactnre>8  formeii  daring  pho^pboreaocnoe. 

All  pboephori  retain  tb«ir  pboephoreaoent  properties  only  so 
they  are  not  cbemicallj  altered;  henoe  some  of  them,  soch 
Bobgnian  and  Canton's  phosphoms,  most  be  preseiTed  in  sealed 
Some  of  them,  e.g.  diamond  dost,  chlorophane,  common  flaor-spar 
soiphate  of  potash,  lose  their  power  by  i^tion,  but  recover  it 
electric  shocK  is  passed  throag-h  them.    (Dessaigneo,  Grotthosa.) 

The  effect  nf  insolation  in  rendering  these  bodies  phosphorescent 
be  replaced  by  that  of  the  electric  light  prodnoed  liy  passing  the 
jar  tlipjugh  them.  Canton's  phoHphoros  becomes  boaotifully  luminons 
placed  in  a  tabe  of  blue  or  colourless  glass  over  wliich  an  electric  charga' 
Is  passed  (in  a  yellowish  red  tabe,  no  phosphorcsocncc  is  prodooeo). 
(Seebeck.)  The  intensity  of  the  phosphorescence  iucreases  up  to  a  certain 
oagree  witli  the  utrcugth  of  the  shock ;  sometimes  only  a  streak  of  light 
aopeam  following  the  course  of  the  spaik,  sometimes  the  whole  body 
snraes.  (lleiuricli.)  The  phosphorescence  produced  by  electricity  baa 
the  same  colour  and  the  name  duration  as  thut  itiduoed  by  insoUtioQ 
(Dceeaignes) ;  arnording  to  Grotthuss,  it  is  brighter. — Tlie  electric  spark 
prodnoes  phosjiliorescence,  not  by  mechanical  disturbance  or  electric 
action,  bnt  by  its  light.  Canton's  phosphorus  or  green  fluor-spar  bei 
IurainoU)4  when  the  qiark  of  an  electrical  tiattery  having  a  surfi 
2  sqaaro  metres  is  passed  over  it,  at  any  distance  from  1  decimal 
8  miatres;  (at  wltich  last  distance  the  electrical  effects  are  no  longer 
OCptible);  but  the  greater  the  tiistance  the  weaker  is  the  light.  Se 
Bpariu  at  a  great  liiutance  prr>duc<:.-  as  much  ]>ho8phorf8oeuce  as  one  close 
at  band.  If  the  Cantonian  phnsphnrus  oxpi^^ised  to  the  electric  sf 
l^aoed  under  giosK  coluure*!  red  with  suboxide  of  copper  or  under  yello' 
green  giium,  it  does  not  lK?come  huninous ;  under  blui;  glass  it  becomes  very 
laintly  lurriirionH,  under  vioh-t  or  colourless  ^Uism  rather  more  so  (and  the 
tl  -H  the  greater  ij4  the  effecrt)  but  not  nearly  so  briglit  as  when  it 

i-  '  'Ht  any  covering  to  the  action  of  the  sf>ark.    (K.  Ik-oi^uen^L) 

I  I.I' I  »  I'liih'  of  rock-crystal,  smoky  topaz,  or  selenite  (Maricnglas) 
Crtiii-.hH  j./cM-|.horus  iK-comes  mach  more  powerfully  luminous  than  under 
a  plate  ot  c"l'/url<s«  glass,  even  of  loss  thickness;  the  phosphorus  ulao 
beoomeit  bnuinous  when  covered  with  two  ]>lut08  of  rock-crj'stal  with 
water  K'twecn  thern.     If  it  Ik-  covered  with  opaque  paper  in  which  there 

I  njiorture  1  millimetre  in  diameter,   and  the  electric  spark  uasscd 
thtt  apertore,  it  will  bo  found,  on  removing  the  paper  in  the  dara,  that 
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tKo  iihoHpliorescoDCO  is  at  first  couflued  to  a  flmn,ll  circle,  whence  it  gra- 
dually ilitTuHos  itself  f)Vf.r  the  whole  phosphorus,  thea  gradually  dirniiiiahcs 
and  diaapixjara.     (Biot  &  E.  Becquerel.) 

b.  Devdopmenl  of  Lnjht  produced  by  the  Action  of  Heat, 

Almost  all  bodies  which  are  capahle  of  becoming  phosphorescent  by 
iiisolution  and  have  coasod  tu  Klnm-  {»t  ordinary  tonijK'nitmvs— and  (itlK-ru 
likewiBC — become  luminous  whctj  heated  in  the  dark.  It  Hceins  therefore 
that  the  bodies  at  the  ordinary  temperature  contain  a  certain  qaautity  of 
light  HO  intimately  combined  with  thvuu  that  it  cannot  di(tu»e  itself 
through  a  dark  space  by  virtue  of  its  own  elasticity  ;  but  that  the  capacity 
of  iKxhes  to  fix  hglit  diiiiiuishes  as  tlieii'  teiujverature  rises. 

The  substancoa  which  exhibit  phn.sphurescoiice  when  heated  are  not 
only  almost  all  those  which  acquire  the  same  itroi>crty  by  insolation,  but 
likewise  those  diamonds  wliieh  do  not  tiecomc  luminous  by  insolatina 
(Ileiririch);  also  baryta,  strontia,  liiin^  magnesia,  alumina,  apatite,  the 
filings  of  several  metals  (xinc  and  antimony  are  the  most  Iimiinons,  gold 
and  silver  the  least;  mercury  also  exhibits  a  very  faint  luminosity  accord- 
ing to  Dessaignes,  none  at  all  according  to  Ilein rich) — very  many  metallic 
oxides,  both  nydrated  and  ardiydrous,  almost  all  eartliy  mmerals,  f.  (/., 
red  Kap[ibire,  rr»ck  crystal,  red  felspar,  red  mica,  asbestus,  steatite 
(VVt'dgewood);  wenierite,  difiyre,  tremollte,  harmotome  (Ilauy);  heavy 
spar,  anhydi-ite,  bitter  spur,  dutolite,  green  sapplure,  brown  adamantine 
spar,  ci>nnn<jn  rjtiartz,  amctiiystj  gwy  linrriblendc,  blue,  yellow,  and  white 
tojiaz,  rubellite,  cyariile,  spodumenc,  jx^talite,  sodalite,  green,  brown,  atid 
black  mica,  lupis-lazuli,  obsidian,  nicsotype,  tabular  spar,  augite,  glassy 
actyuolite,  spliene,  anatasc,  black  titaniferoussaad,  tungstateof  litne,  sul- 
phate of  lead,  arseniate  of  lead,  red  silver  (Brewster);  baiyto-ealcite. 
(C'liildren,  ^Ai/i.  PAj7.  24,  115.) — Sulphate  of  quinine  and  sulphate  of  cin- 
choniue  shine  when  moderately  heated ;  resin  of  guiacum,  mastic,  sanda- 
rach,  ohbauiun,  myrrhs,  galbiuiinn,  aud  ainmoniacal  resin  at  their  boiling 
points  ;  gum-arabic,  marsh-malbw  root,  and  Flnrentine  viulet-root,  at  n 
heat  at  wliioh  tliey  begin  to  char,  ^lerhaps,  therefore,  in  consequence  of  a 
Blow  combustion.  (Jonas,  Br.  Arch.  17,  2aO.)  C'omp.  Bottger,  p.  200. 
Likewise  wax,  fat,  and  volatile  oils,  and  many  ntlu.'r  organic  bodies,  shino 
when  heated,  their  jjhosphorescence  being,  however,  due  to  slow  combus- 
tion ;  the  same  remark  ap|<lie8  to  the  luminosity  of  the  filings  of  several 
metals,  which  may  jxirhaps  be  due,  jiartly  to  the  condnistiou  of  the  metal, 
partly  to  that  of  oil  adln'ring  to  it.— Tlie  sparkling  observed  by  Diibe- 
reiner  (iScAw.  41,  221)  on  beating  chhirate  of  [jotash  with  p<nvdered  j>er- 
oxjde  of  manganese  (or  with  fine  tjuartz  sand)  (Schweigger),  in  a  glass 
tube  likewise  results  from  chemical  combination. 

Phosphorcscencxj  is  n<jtt  iiiduix-d  by  beating  in  bodies  which  fuze  or 
volatilize  at  a  high  temy»erattne,  e.  g.  the  hydrates  of  jiotanh  and  soda, 
nitre,  the  nitrates  of  stmntia  and  hme,  and  ammoniacal  salts,  which  at 
most  lx)C0me  slightly'  Uuninous  when  gently  heate<l  (Dessaignes) ;  neither 
does  it  occur  in  uicoiubustible  liquids  (Ileinrieh), 

The  lowest  teni{^«n'atm-e  capable  of  indiieuig  phosphorescence  is  not' 
only  different  in  different  aubstaiices,  Imt  liki-wiHe  varies  in  different  sj>e- 
cimeus  of  the  same  Bubstance.  With  Canton's  phosphorus,  chli»rophano 
(Pallas),  many  diamonds,  and  white  lojiiix  (J.  Phi/s.  55,  GO),  which  havo 
ceased  to  sliinc  in  the  dark  at  ordinary  tem[>cratiu-es,  the  beat  of  the 
iiaad  or  the  breath, — and  with  the  first-mentioucd  Bubstance,  imnicrBiou 
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in  oQ  of  vitriol  or  nitric  acid,  which  produces  heat,  is  sofficient  to  excite 
phoephoresccnce ;  with  common  flnor-ppor  the  temperature  must  be  raised 
to  between  (iS'^  and  1 00°  C. ;  with  phosphorite  from  Estremadura  and 
adularia,  to  100°;  with  diauioud,  between  100°  ad  250";  with  the  natural 
forms  of  carbonate  of  lime,  between  200°  and  323";  with  minerals  of 
the  giliceouB^claKs,  between  2.50°  and  375° ;  with  oils,  between  94°  and  250*. 
In  this  resi:>cct  it  is  indifferent  whether  the  body  is  in  the  form  of  lumps 
or  powder,  and  whether  the  heated  support  consists  of  glass,  clay,  porce- 
lain, iron,  copper,  silver,  mercury,  or  ^tin,  or  whether  the  Bubetamoe  is 
thrown  into  hcit  water. 

Bodies  which  become  strongly  phosphorescent  by  insolation,  generally 
also  shine  brightly  after  being  heated, — and  conversely ;  a  considerable 
degree  of  phosphorescence  is  however  acquired  by  hard  minerals  when 
heated.  The  longer  a  body  shines  by  insolation,  the  longer  also,  generally 
Br)eaking,  does  it  shine  after  heating;  and  with  the  same  body,  thcphoB- 
phorescence  produced  by  heat  lasts  longer  than  that  excited  by  insolation, 
— with  the  exception  of  diamond,  fluor-spwr,  Canton's  phosphorus,  and 
other  iMwlies,  which  shine  for  a  long  time  after  insolatiun,  and,  on  the  con- 
trary, for  a  shorter  time  after  being  heated.  The  intensity  of  the  hgbt  is 
also  directly  projxirtional,  its  duration  inversely  projvortional,  to  the 
degree  of  temperature  to  which  the  body  is  raised. 

With  most  bodies  the  light  is  soft  and  streaming ;  with  metal  filings 
and  certain  heavy  metallic  oxides,  it  is  sparkling.  (Dessaignes.)  The 
colour  of  the  Ught  bears  no  relati<:iu  to  that  of  the  phosphorcftoent  IkkIv, 
and  is  more  variable  than  when  produced  by  insoJiition,  being  sometimes 
white,  sometimes  violet,  blue,  green,  yellow,  or  reddish :  the  same  body, 
often  exliibits  several  of  these  colours  at  different  stages  of  the  prooees  of 
heating,  sometimes  in  the  order  just  mentioned,  sometimes  in  the  reverse 
order,  but  always  in  such  a  manner  that  some  of  the  colours  arc  passed 
over.  (Ueiimch.) — The  light  emitted  may  be  resolved  by  the  prism  into 
a  coloured  spectnira,  just  Uke  ordinary  light. 

Inorganic  bodies  shine  equally  well  in  common  air,  oxygen,  nitrogen, 
hj'drogen,  or  carbonic  acid  gns,  or  in  vacuo,  water,  or  oft ;  organic  sub- 
stances, on  the  contrary',  shine  only  in  air,  or  still  hotter  tn  oxygen  g»«; 
their  phoHphon'sn^nco  is  therefore  to  be  regarded  as  a  phenomenon  of 
combustion.  Only  in  the  case  of  Unseed  oil,  Dessaignes  was  able  to  dis- 
tinguish a  fainter  luminosity,  which  occurred  at  125'"' C,  even  in  carbonic 
acid  gas,  from  the  stronger  phosphorescence  which  was  produced  at  a 
higher  temperature,  and  only  when  oxygen  was  present.  The  phospho- 
rescenee  of  lK>iling  linseed  oil  ceases  when  the  air  is  romoved  by  the  air- 
piiinii,  aijfl  rec'inuuences  when  it  is  again  admitted.  (Orottliuss.) — Quinine, 
Hulptiate  of  quinine,  and  sulphate  of  ciiicliontne,  <iu  not  shine  so  strongly 
during  the  time  that  they  arc  heated  (on  pa|«^r  over  a  lamp)  as  tliey  do 
80  or  40  seconds  after  the  removal  of  the  lamp:  the  luminosity  begins  at 
the  cdgr,  exten<ls  towards  the  middle,  and  <iflen  lasts  several  minutes. 
Other  salts  of  quinine  and  other  organ iesHlifmbl*.'  bases  exhibit  nopliospho- 
roHcenoe.  (R.  Biittger,  Ann.  Pharm.  33,  342.) — Luminous  eharacters  nisy 
l)e  triiced  on  paper  with  a  piece  of  iron  heated  somewhat  Wow  rt»dness. 
Tin?  vapour  whicli  rises  from  pajjer  heated  by  contact  with  hot  iron  is 
also  biminous;  so  likewise  are  wo«x]  and  sugar  when  tuiiched  with  a  hot 
in>ii.  (OmtlhusH.) — The  wick  of  a  tallow  eandlo,  which  has  been  extiii- 
giiinhed  in  the  dark,  so  as  not  to  leave  a  single  spark  nUght,  remains 
faintly  luminous  for  some  seconds.  If  sulphur,  wax,  tallow,  fat  oil,  can;- 
phor,  resin*  or  caoutchouc  be  rubbed  upon  hot  iron  not  luminous  in  the 
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dark — or  if  the  iron  be  bniiiglit  in  contact  with  gnim,  starch,  horn, 
feathors — or  if  olefiant  ga»  or  ether  vnpnur  bo  made  to  rise  against  it — a 
pale  bluish  white  lambent  flame  of  various  degrees  of  intensity  will  be 
produced.  Tallow,  pa|)er,  and  cacao-fat,  exhibit  phosphorescence  at 
149";  wax  not  below  204°  C.  (Williams,  Fogg.  39,  4^0;  also  7.  pr.  Cfi., 
6,  &2.) 

Bodies  which  have  ceased  to  shine  at  a  certain  temperature  again  be- 
come liuiiinuns  when  more  strongly  heated ;  but  they  then  require  to  be 
once  more  exjKised  to  light  before  they  will  exhibit  phosphurescence  on 
being  heated.  The  realgar  and  antimony  phosphnri  prejparetl  iti  a  covered 
crucible  and  a>oled  in  the  dark  do  not  become  phosphorescent  by  heat ; 
but  if  exposed  to  light  and  then  kept  in  the  ilark  for  a  long  time,  they 
emit  light  on  being  heated.  (Osunii.) — The  apiiliealion  of  a  very  strong 
heat  produces  a  mon)entary  and  very  vivid  phosphorescence,  but  deprives 
most  bodies,  the  heavier  metals,  tlieir  oxides  and  salts,  for  example,  of 
the  fxnver  of  again  In^coming  luniiiious  :  f.  j?.,  metal  filings  do  not  emit 
light  when  too  much  pressure  has  been  used  in  the  act  of  filing.  (Des- 
saignes.) — Many  other  bodies  may  Ik>  deprived  liy  half  an  hour's  ignition 
of  the  power  of  emitting  light  when  heated,  e.  g.,  precious  stones,  glass, 
quartz,  clay,  magnesia,  hea\'y  spar,  strontianite,  carbonate  of  lime,  tluor- 
epar,  and  many  other  salts  of  the  alkalis  and  earths  which  psirtly  lose 
their  water  of  crj'stallization  when  ignited.  The  luminous  power  is 
however  restored  by  electric  discharges  even  when  sent  thi-ough  a  paste 
foiTued  of  the  powdered  substance'  mixed  with  water  (this  is  the  case  with 
carlxtnate  of  lime,  tliior  spar  and  heavy  sftar) ;  iii  the  case  of  salts  which 
have  lost  their  water  of  crystallization  liy  ignition,  the  phosphorescent 
TK>wer  is  restored  by  exposure  to  the  air,  liy  breathing  on  them,  or  moisten- 
ing them  (some  salts,  indeed,  after  being  nutistened  with  water,  sliine 
again,  though  but  faintly,  when  heated,  withcnit  |)revious exposure  to  Ught, 
— (Dcssaignes,  Urotthuss);  and  in  the  case  of  strontianite  and  carl>onate 
of  lime,  by  healijig  to  whiteness.  (Ileinrich,  Dessaignes). — Clilorophane, 
which  has  lost  its  phosphorescent  properties  by  ignition,  yields  by  solu- 
tion in  hydrochloric  acid  and  evaporation,  crystals  of  tluor-spar  which 
acquire  little  or  no  lumiiiosity  when  heated;  whereas  if  the  chlorophano 
b<'  fresh,  or  if  its  phoHplntresa^nt  |H)wer  after  being  destrftycd  by  ignition 
has  tn^en  restored  by  the  electric  spark,  it  will,  when  treated  by  hydro- 
chloric acid,  yield  crystids  wliich  emit  light  on  being  heated.  If  ignited 
and  miignited  ch!oro]>hanc  bo  dissolved  ui  hydrochloric  acid  and  precipi- 
tated by  ammonia,  tiie  precipitate  of  the  former  will  shine  when  heated 
with  a  faint  bluish  white  light,  that  of  the  latter  with  a  bright  emerald 
green  light.  If  tlie  hydrochloric  acid  solution  of  imignited  chlorttphane 
be  treated  with  sulphuric  acid,  the  precipitated  snlt^ihate  of  lime  shines 
almost  as  brightly  as  the  ohloro]ihiJiie  itself,  but  with  a  somewhat  different 
Eght;  if  a  solution  of  ordinary  chloride  of  calcium  1^3  treated  with  sul- 
phiu-ic  acid,  a  precipitate  of  gypsum  is  obtaineil  which  is  quite  destitute  of 
phosphorescence.  (Grottlmss.)  If  ignited  chloride  of  sodium  be  dissolved 
in  one  portion  of  water,  and  the  same  salt  ignited  and  afterwards  electri- 
fied be  dissolved  in  another  p*»rtion,  and  btUh  solutions  evaporate<l,  the 
latter  will  eva[H>nite  more  quickly  than  the  former,  etllorescing  at  the  same 
time — and  yield  a  salt  which  shines  more  brightly  when  heated  than  that 
■which  evaj)orate8  from  the  former  solution.  (Grotthuss.)    Baryta,  wtrontia, 

I  Erne,  magnesia,  alumina,  and  silica,  do  not  lose  by  igmtion  the  power  of 

Remitting  light  when  heated.  (Dessaigncft.) 

Peareall,  in  the  following  experiments,   pluccd  the  substance  to  bo 
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examined  on  ivory,  and  passed  tlirongli  it  one  or  two  sbocks  from  a  Ley- 
den  jar  having  a  Rorfaoe  of  two  square  feet.  Ho  found  that  the  euae 
effect  is  produced  when  the  spark  has  passed  over  the  subsUmces  indoeed 
in  a  giass  tube,  whereas  the  vivid  light  between  tlie  cliarcoal  points 
attadied  to  the  tennlual  wires  of  a  voltaic  pile  of  100  pairs  has  no  effect 
whatever.  Chlorophane  deprived  by  ignition  of  the  power  of  emitting 
light  when  heated  does  not  recover  it  by  two  days'  exposure  to  the  sun's 
rays,  but  regains  it  almost  entirely  by  one  electric  shock  (jjroducing  a 
green  light)  and  still  more  p<jwerf  uUy  by  repeated  shoeks.  (Oniinary  fluor- 
spar electrified  after  i^ruition  shines  brightly  on  Ix'ing  heated,  if  kept  for 
several  weeks  in  the  dark  ;  but  if  after  being  clectrUied,  it  is  exposed  to 
the  sun  for  the  whole  of  tliis  interval^  it  gives  httle  or  no  light  when 
heated.  Apiatite,  electrified  after  ignition,  shines  with  a  lemon-yellow 
light.  Unignited  fluor-s^»r,  which  does  not  shine  when  heated,  acquires 
this  property  in  a  higher  degree,  the  greater  the  number  of  electric  shocks 
paased  through  it.  rnignited  flunr-Pftar,  wliich  becomes  luniinous  when 
neated,  emits,  after  the  action  of  electric  shocks,  a  more  intense  lights 
which,  after  several  discharges  have  lxx?^n  [tassed,  approaches  more  nearly 
to  that  of  ch1*.)rophanc,  and  exhibits  colours  ditTcrcnt  from  those  which  it 
had  before  electrization.  Minerals  containing  silica  and  alumina  and  not 
originally  possessing  the  faculty  of  emitting  Ught  when  heated,  do  not 
acquire  this  power  by  the  action  of  electric  shocks.  A  solution  of  phos- 
phorescent apatite  or  fluor-spar  in  hydnx-hluric  acid  gives,  when  treated 
with  ammonia,  a  precipitate  wliich  dtx^s  not  become  lumiucius  when  heated, 
cither  after  simple  drying  or  after  ignitinu  and  oliK'trization;  but  a  oriuaiy 
calculus  consisting  of  phosrihate  of  lime  lH?comes  luminous  when  simtlarly 
treated.  The  cr^-Mtals  of  fluoride  of  calcium  which  the  solution  of  fluor- 
spar in  hydrochloric  acid  dejMsits  on  cot:»liiig  likewise  emit  light  on  being 
heated.  (Pcarsall.) 

c.  Development  of  Light  hy  Mechanical  Force. 

Almost  all  b<^KlicB  which  acquire  phosphorescence  by  insolation  ot  by 
the  action  of  heat,  likewise  becrmies  luminous  by  friction  or  percussion. 
Tlie  combined  light  thus  disengaged  from  them  is  probably  the  same  as 
that  which  is  set  free  by  heat ;  from  which  cause  also  tlie  intensity  of  tb* 
ligiit  developed  by  ixjrcussion,  increases  with  the  temperature. — Bec^jnerel 
{Ann.  Cfiirn.  Ph/K.  22,  33)  refers  the  Ught  developed  by  presaurc  to  electric 
action :  if,  for  example,  two  masses  of  ice  come  in  contact  at  sea,  they 
are  brought  by  strong  pressure  into  opposite  electrical  states ; — and  when 
tlie  prfSHiire  ceascB,  the  opposite  electricities  combine  again  and  produce 
Ik^ht.  The  dcvelf>praent  of  light  by  friction  is  in  many  cases  uridoubi* 
ediy  of  an  el«'ctric  nature,  e.  g.,  in  that  of  sulphate  of  quinine.  Moroo  ~ 
preasure  produces  heat — and  this  may  excite  phosphorescence  by  riso  _ 
temperature.  There  is  prol>ably  also,  according  to  Ileinrich,  a  Light  of 
Siparatiun  (Trentuwgs-licht)  i.  f.,  a  development  of  liglit  produced  by 
dcistmction  of  cohesion,  as  in  splitting,  tearing,  or  breaking,  in  few  oaset^ 
t.  g.,  iron  pyrites,  is  the  [>roduction  of  light  a  consequence  of  combustkni. 
R.  BiittgTT  {Pogg.  43,  GJ5)  endeavours  to  prove  that  the  light  developed 
by  rubliing  Mints  togt-ther  is  electrical— from  the  fact  that,  like  the 
efoctrit:  lij^lit,  it  hIiowh  distinctly  and  separatelj'  the  colours  painted  on  % 
TOVolviug  circular  disc ;  Doppler  (Pogg.  49,  505)  regards  this  proof  m 
inaolBciciit. 
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Solid  Bodies. 

Phoiphoreaanci  prodao^i  iy  tmr'tng,  gpltttiny,  and  rubbing. — When 
boracic  acid  solidifies  after  fusion,  it  splits  in  cinlin^".  and  exhibits  along' 
tlic  cnv'ks  a  lij^'it  which  is  visible  even  in  the  duytime.  (Dunias,  A/in, 
Cfiim.  P/ii/i.  32,  33'>,  also  Poyf.  7,  O-'iS.)  SulplvUe  v(  pnUinU  fusc<l  with 
cream  of  tartar  and  a  little  common  salt,  likiiwiso  cracks  in  ciMjling^  and 
emits  light.  (Schillor,  TiJ-icfifj-l).  IT.i],  54.)  Glasd-dr<)|Mi  almost  alwayn 
emit  liglit  when  they  buret.  (Hnnrich.)  In  the  clcuva^c  nf  RusHiati 
mica,  sparks  arc  proJucc-d,  which  sometimes  start  out  to  tlic  distance  of 
O'l  inch.  (Heinrich.)  If  two  picce.s  of  clotii  joined  tngcthcr  by  a  solu- 
tion of  caoutchouc  in  coal-tar  he  Buddciily  pnUfd  asunder,  or  if  any 
cotton  fabric  be  quickly  torn,  light  will  be  emittt'd*  and  will  bo  visible  iu 
the  dark.  (E<L  Phil.  J.  10,  18j.)  (No  light  is  dovelopcfl  liy  the  breaking 
of  ro^iea,  silk  strings,  or  wires,  or  by  the  sfiUtUng  of  wood.)  CylinderH  of 
the  following  stibstances,  mostly  cry.stallino,  emit  light  when  bn>ken, 
provitkid  the  fracture  be  not  clean,  but  small  fweces  are  thrown  off  or 
cracks  produced :  Fluor-spar,  rock-salt,  sulphate  of  potash,  rock-crj'stals, 
rose  {juartz,  hyahte,  tf>paz,  cyanite,  adularia,  labrador,  glassy  tremolitc, 
zeolite,  yellow  blende  and  sugar,  (!specially  Canary  sugar  and  sugiir-candy ; 
these  substances  emit  a  much  brighter  light  when  pnunded  in  a  mortar. 
Bitartrate  of  potash,  Rochelle  salt,  and  glass  tulws,  give  out  an  indistmct 
light  when  broken;  alum,  borax,  and  Glauber's  salt  emit  none  on  being 
broken,  but  all  these  substances  give  out  light  when  pounded  in  a  mortar. 
(Ueinrich.)  Tartaric  acid  becomes  Iuminou.s  when  jxmnded  (Morion's 
J,  Chim,  Med.  3,  287) ;  so  likewise  do  hirge  masst^s  of  l>eef  and  rmitton 
Buct  wlien  bruised  by  beating.     (Bauenifeind,  K(i.itn.  Arch.  18,  370.) 

Pho!>phorescence  produced  bif  rubbing. — The  following  substances  emit 
light  when  rubbed  together:  Diamonds  which  become  phosphorescent  by 
insolation  or  beating,  chlorate  of  |>otasli,  heavy  spar,  stroiitianite,  burnt 
lime,  Canton's  phosphorus,  thior-spar,  many  kinds  of  statuary  marble, 
dolomite,  aiTagonite,  anhydrite,  Jlonilxirg's  phosphorus,  |»hoKphorite  from 
Estremadura,  glass,  porcelain,  all  [irecious  stones  and  vitreous  minerals 
(the  brightest  light  is  emitted  by  milk  qnart/.  and  adularia,  the  faintest  by 
jasper),  blende,  cahmiel  {comp.  Caatillo  /.  P/im-m.  13,  158)  coiTosivo  sub- 
limate, sulphate  and  phosphate  of  mercury,  loaf-sugar,  sugar-candy,  and 
resius.  (Dessaigncs.)— Also,  sal-ammoniac,  nitre,  ainin,  and  blue  vitriol 
(this  last  only  after  drying,  the  pieces  being  nililiod  together  while  yet 
warm),  borax,  rock  salt,  witherite,  double  refracting  spar,  calcspar,  many 
granular  limestones,  many  kinds  of  alaUister,  linnr-spar.  apatite,  pliarma- 
ci'lite,  rock-crystal,  nuartz,  ametliyst,  agate,  chalce<louy,  honistone,  red 
and  band-jas|X?r,  opal,  corundum,  IojmiZt  adularia,  common  felsfxar,  labrador, 
lapis-lazufi,  tonrtnaljn,  pyro[je,  wetz-schtefer,  elastic  stone,  baked  earthen- 
ware, calamine,  iron  pyrittts  (the  last  shines  by  combustion),  tinstone, 
magnetic  iron  ore,  and  blood-stone.  (Ileiiirich.)  Phosphorescence  is  like- 
wise exhibited  by  wet  crystals  of  nUratc  of  baryta  (not  by  dry  ones) 
wlien  violently  thrown  one  against  the  other  (A.  Wenicr,  J.  pr.  Chem.  14, 
219) ;  manna-sugar,  and  the  so-ciiUed  eub-resins.  (Bonastre,  J.  Phnrm. 
10,  191.)  According  to  Mills  {Ann.  Plnl.  23.  23o),  acetate  of  lime  evapo- 
rated to  dryness  and  heated  to  120^  C.  also  emits  light  when  rubbed  with 
a  Bpatula. 

No  phosphorescence  of  this  kind  is  exhibited  by  any  of  the  metals,  or 
by  any  metallic  sulphides  except  blende ;  the  hydrates  of  iwtash  and  soda, 
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all  sorts  of  araroonia,  potash  and  soda,  except  chlorate  of  potash :  gyi>- 
Hum:  the  heavy  metallic  oxides;  minerals  containing  heavy  metallic 
oxides  in  large  quantity ;  all  heavy  metallic  salts  except  the  ojercarial 
salts  above-meutioncd  :  all  vegetable  subst^inces  except  sugar,  resin,  and 
certain  liquids ;  all  animal  substances  (Dessaignes.)  Moreover :  sulphur, 
the  Bolognian  phosphorus,  cyanite,  steatite,  lime,  meerschaum,  asbeistUB, 
teeth,  bones,  antlers,  horns,  and  ambers.     (Ucinrich.) 

As  a  general  rule,  the  same  bodies  emit  light  when  rubbed  with  rock- 
cryBtal,  an  etching  needle,  or  a  revolving  grindstone ;  on  the  latter,  phos* 
phorcsoence  is  amft  exhibited  by  serpentine,  zeolite,  realgar,  sparry  iron 
ore,  galena,  and  Ri)chelle  salt :  the  friction  light  which  is  genorsdly  of  a 
pale  yellow  colour,  is,  when  produced  by  the  grindntone,  of  a  fiery  red. 
When  large  grindstones  are  used,  the  rise  of  temperature  is  inconsider- 
able (?),  for  the  pieces  of  fluor-spar  which  fly  off  soon  cease  to  shine. 
(Heinrich.) 

IMamonds  which  do  not  become  luminous  by  ordinary  rubbing,  emit 
light  when  Btrongly  rubbed  nne  against  the  other,  by  which  small  fissoree 
arc  pnxluccd  within  them.  (ncHsaigneB.) 

A  peculiar  Bmell  is  ppwiiiced  when  many  substances,  luminous  as  well 
as  nou-Iuniinou8,  are  rubbed  together:  un  rubbing  together  pieces  of 
quartz  in  the  air,  a  black  powder  is  produced,  and  a  white  one  if  they  are 
rublx>d  under  water.  (Dessaigncs.) 

The  emission  of  light  also  takes  place  in  vacuo,  and  under  water,  pro- 
vided the  latter  docs  not  exert  a  solvent  action. 

The  light  is  white,  yellow,  red  or  blue,  according  to  the  nature  of  the 
bodies  :  its  duration  is  in  most  cases  merely  momentary ;  the  diamond, 
however,  shines  for  a  minute  when  nibberl,  and  adularia  continues  lumi- 
nous for  some  times  and  through  its  whole  mass,  when  flaws  have  been 
produced  in  it  by  pressure.  (Dessaignes.)  The  intensity  fif  the  light  in 
any  particular  substance  is  greater,  the  more  it  has  been  previously  heated, 
— provided  the  heat  has  not  been  raised  to  redricps,  in  whicli  case  the  body 
exhibits  no  more  phosphorescence,  A  bwly  cooled  to  a  very  low  tempe- 
rature, exhibits  Uttle  or  no  phosphorescence  when  pressed.  (Dessaigaes.) 

The  following  substances  l>eoome  luminous  when  rubbed  with  an  oroi- 
nary  quill-feather:  Apatite,  flunr-8|jar,  rock-crj'stal,  quartz,  agfate,  chal- 
cedony, lapiz-lazuli  (those  five  only  when  newly  fractured),  siliceous  slate^ 
felsitar,  mica,  tremolite,  the  so-called  crystalline  suntlKtonc  and  other 
varieties,  lithomarge  and  white  clay  (Heinrich);  Canton's  and  Ilomberg'a 

iihosphoruf^,  dolomite,  many  kinds  of  blende,  corrosive  sublimate,  and 
oaf-sugar.  (Dcswiignes.)  The  diamond  alone  shines  when  rubbed  with 
wool  or  with  «  bnish.  (Dessaigncs.) 

Sulphate  of  cin  -honine  shines  with  a  greenish  light  when  rubbed  in  a 
basin  at  100*;  so  Ukewise  docs  sulphate  of  quinine,  and  with  greater 
intensity  ;  both  substances  become,  at  the  same  time,  positively  electricaL 
(Callaud,  Stratuigh.) 

All  precious  stones  (excepting  diamond),  marble,  many  kinds  of  blende, 
and  h.)af-»ugar,  become  luminous  when  stnick  with  a  wooden  or  Bte«l 
hammer.  (Dessaignes.) 

Phofphontceitce  /rotn  pressure  on  pulverized  bodies.  —  The  following 
Bubstances  in  the  state  of  powder  emit  hght  when  struck  on  the  anvU 
with  a  hammer,  or  prcaaed  in  the  fir«>-syringe.  Arragonite,  calcspar, 
marble,  liniestone,  chalk,  apatite,  alabaster,  flui>r-Bpar,  amethystine  rock- 
crvstal,  chalcedony,  fulsi>ar,  mica,  chlorit-scliiefer,  tremolite,  and  (very 
'  *  Uy)  ugnlniatobte  and  etcatite:    These  arc  m  fact  the  bodies  which 
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shine  when  heated,  and  the  heat  which  the  pressure  produces  is  the  cause 
of  the  himjnosity,     (Ileitirich.) 

When  heavy  spar,  carbonate  of  baryta,  carbonate  of  strontia,  h*mc- 
Btone,  chalk,  dolomite,  Cantou's  and  Homberg's  phoHphorus,  and  magnesia 
are  heated  either  to  redness  or  to  whiteness  and  struck  as  soon  as  they 
have  ceased  to  emit  light,  the  luminosity  reappears  and  continues  for  a 
longer  time.  This  development  of  Ught  is  perhaps  of  a  different  kind. 
(Desaaigues.) 

Liquids. 

Water,  aqueous  solutinn  of  potash,  acetic  acid,  alcohol,  ether,  volatilo 
oils,  and  olive  oil  becomes  luminous  when  rapidly  compressed  in  a  glass 
fire-syringe.  (Dessajgnes.)  The  same  result  is  obtaineil  with  saline  soiu- 
tJoUB.  (Heinrich.)  The  light  shows  itself  most  strongly  in  that  part  of 
the  liquid  which  is  farthest  from  the  piston,  arid  quickly  disaj)pears.  The 
experiment  may  be  several  times  and  miinterruptedly  rej)eated  with  the 
ijfeme  water,  the  temperature  perhaj^  rising  to  5°  C.  (Heinrich.) 

Elastic  Fluids. 

Air,  oxygen,  and  chlorine  are,  according  to  Saissy  and  Bessai 
the  only  gases  which  emit  light  iu  the  glass  fire-syringe ;  aocor  _ 
to  Heinrich,  tliis  eEfect  is  also  produced  by  hydrogen,  nitrogen,  nitrous 
oxide,  and  carbonic  acid  gas.  (The  assertion  that  hydrogen  gives  the 
brightest  light  and  at  the  same  tmie  the  greatest  heat,  excites  a  suspicion 
that  the  gas  used  in  the  exj>eriments  was  mixed  with  common  air.) 
The  luminous  appearance  is  produced  with  greater  certainty  when  to  the 
lower  surface  of  the  pietoti  there  is  attached  a  sponge  moistened  with 
water, — or  still  iKitterwith  solution  of  alum, — or  else  some  fine  threads  of 
glass  or  aalwstns, — on  account  of  tlie  action  of  the  (xiiiits  (Schweigger,  Schw. 
40,  10).  Spfingy  plathiuni  attached  to  the  piston  does  not  favour  the 
production  of  light.  (Pfaff.  Schw.  40,  1.)  Thenard  (Attn,  Chim.  Ph^s. 
44,  181  ;  also  Poffij,  19,  442)  attributes  this  light  merc'ly  to  the  com- 
bustion of  the  leather  nf  the  piston  and  the  grt-ase  used  to  lubricate  it,  in 
the  compressed  gases,  ina.sniuch  as  this  apftearance  has  been  observed 
only  in  air,  oxygen,  and  chlorine.  When  the  piston  is  made  of  brass 
covered  with  ft-lt  and  lubricated  with  water,  no  light  is  seen,  unless  the 
felt  has  not  been  sufticiently  moistened ;  neither  is  there  any  hmiinous 
appearance  produced  wlicn  tlio  tube  has  been  carefully  cleaned  from 
grease  with  caustic  potash.  Since  the  luminosity  of  gases  shows  itself 
only  when  the  piston  fits  the  tube  very  closely,  and  this  close  adaptation 
is  not  easily  attained  by  the  use  of  water, — and  moreover,  since  some  of 
the  following  exptfrimentfl  appear  to  contim>  the  fact  of  the  dcvelopinent 
of  light  by  the  compression  of  gases, — the  matter  must  for  the  present  be 
looked  ujxju  as  inidccided,  (Gm.) 

Detonating  bulbs  (i'.  e.  glass  bulbs  Jiermetically  sealed  and  nearly 
empty  of  air)  when  thrown  on  the  gi'ound,  exhibit  u  faint  white  light  in 
biu-sting.  (ilelwig,  Gilb.  51,  112.) — Vaixiur-lmlbs  (glass  bulbs  tilled  with 
alcohol,  and  burst  by  heating)  give  no  light.  (Heinrich.) 

Airimmp-liijht.  A  glass  cylinder  bound  over  with  a  strong  bladder 
and  exhausted  of  air,  aj)i>carH,  when  the  bladder  breaks  by  the  pressure  of 
the  external  air,  to  be  lilled  with  a  white  light,  which  is  brighter  in  pro- 
portion as  the  cylinder  was  mure  cumfileteiyexliausted  of  air.  (DuHsaignes, 
Oilb.  49,   810  ;  Heinrich.)     Tliia  light  is  undoubtedly  caused  by  the 
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extracted  with  a  mixture  of  alcoluil  and  acetic  add  in  order  to  remove 
carlxmate  of  [Kitash,  the  double  sulphate  of  fnitash  aiid  soda  remains  in 
the  crystalline  state,  and  therefore  einita  no  light  when  dissolved  and 
ciystailizcd.)  Chloride  of  potasfiium  fuwid  with  sulphate  of  soda  likewise 
exhibits  the  luminous  ftppearancc.  A  bright  light  is  also  emitted 
neutral  chroraate  of  pjtash  fused  with  suljiliate  of  soda,  whereby  crye 
are  formed,  consisting  mainly  of  the  d"iul>lc  sulphate  of  potash  and 
with  only  3  per  cent,  of  clironiic  sicid :  moreover,  by  2  parts  of  bid 
mate  of  potash  fused  with  1  part  of  dry  carlrwiiate  of  soda, — in  which 
crystals  are  produced  having  the  fomi  of  sulphate  of  jK>ta«h  and  contain- 
mg  8  atoms  of  chromate  of  potash  combined  with  1  atom  of  chromate  of 
soda ;  and  linally  by  a  mixture  of  1  atunt  of  seleniate  of  fiotash  with  I 
atom  of  sulphate  of  soda,  which  produces  crystals  having  also  the  furm 
of  sulphate  of  potash,  and  containing  only  5  jkt  cent,  o!  selenic  add, 
together  with  ix>tash,  soda,  antl  suljjhunc  aci(L     (H.  Hose.) 

A  saturated  BolHti<.)n  of  fluoride  of  sodium  very  slowly  eva]x>rated 
emitted  a  great  number  of  bright  sparks  of  a  pale  yellow  colour,  which 
proceeded  Homftirm's  from  one  sometimes  from  another  part  of  tlie 
crystals  as  they  fornwid,  increased  when  the  liquid  was  disturbed,  and  did 
not  cease  till  it  was  completely  evajwtrated.  On  R^j>eating  the  experi- 
ment with  the  same  salt  ami  tlic  same  vessel,  nothuig  further  was  seen 
(Berzelius). — Likewise  observed  by  11.  Rose.     (P'>!fff.  52,  589.) 

A  solution  of  nitrate  of  struntia,  which  liad  been  for  a  long  time 
exposed  to  air  and  light,  emitted  many  sparks  when  evaj>r>rated  and 
crystallized  in  a  stoneware  vessel;  these  sparks  showed  themselves  par- 
ticularly wht'H  the  crystals  were  touched  with  a  glass  rod  or  metallic 
wire,  and  also  when  the  vessel  was  shaken.  On  redissulving  and  recrya- 
tallizing  the  salt,  this  appearance  was  not  reproduced,  though  the  mode 
of  exix'rimenliiig  was  varied  in  every  jKissiWe  way,  (Pfaff.)  Likewise 
observed  by  Stiel>on.     {P/iurni.  CentritM.  1836,  4(10.) 

A  solution  of  8  parts  uf  acetate  of  pttash  evaporated  till  it  ceased  to 
swell  up  and  fell  to  pieces,  shone  brightly,  when  left  over  the  fire,  aa  if 
it  were  red  liot.     (Rlichner.)     (Slow  conibuiition  ?) 

On  subliming  Ikmi/jmc  acid  with  ^  of  itrt  weight  of  charcoal  powder  on 
a  plati-  c«»vt'rcd  with  a  glass  receiver  and  strongly  heated,  Biichuer  ob- 
served numberless  sfiarks  moving  up  and  down  as  long  as  the  sublimation 
oontmued. 

AdiUnda  to  the  remarks  on  the  incandescence  of  bodies  (p.  107):  A 
body  does  not  always  increase  in  density  by  incandesoeuee.  Urano- 
tontalite,  which  exhibits  vivid  incandescence,  has  a  sp.  gr.  of  6'617 
before  incandescence  and  5-485  after. — Incandescence  takes  place  without 
perceptible  development  of  heat:  at  all  events,  no  rise  of  temperatare 
can  be  |X!rctMved  in  the  case  of  oxide  of  chromium,  in  which  the  incan- 
descence is  very  bright.  (The  development  of  light  ubwrved  in  the 
crystallization  of  anuMiious  acid  from  its  solution  in  hydrochloric  acid 
is  likewise  unattended  with  disengagenu-nt  of  hent.)  Whilst  according 
to  this,  many  IxKlii-a,  in  passing  from  thr>  anior|»hou8  to  the  crystalline 
state  merely  dcvdopti  light,  (»iher«  on  the  ctmtrary  develope  heat,  e,g. 
jjrapo-sugar  (p.  lOG).     (II.  Ruse,  Pogg.  52,  589.) 
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376. 
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223 ;  ahstr.  Ann.  Phann.  64,  212. — Further,  Ann.  Pharm.9^^  157  ;  94, 
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Pogg.  70,  300;  abstr.  Ann.  Chem.  Phnrm.  74,  179. — Shifting  of  the 
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KxoiiLAfcn.     Kadiant  Heat,    Pogg.  70,  205  and  337  j  71,  1 ;  abstr.  Ann. 

Phann.  74,  193. 
Senarmont.     Conducting  Power  of  Crystallized  Bodies.     N^,  Ann.  Chim. 

Phgs.  24,  4.'>7. 
Favke  &  SiLBKRMAJTO.     Spccific  Hcat  of   Liquids  and  Latent  Heat  of 
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36.  .'i ;  37,  405. 
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SrNONTMES.     Caloricy  Chalmr,  Wiirmestoff,  Warmemnterie. 

Ileat  or  Caloric  is  that  siibstaiit'c  whose  entrance  into  our  bodies 
suppnsed  to  occasion  the  sensation  of  warmth  or  heat,  and  its  egn:ss  t 
sensation  of  cold. 

Physical  Pi'operties. 

1.  It  is  invisible. 

2.  Without  weight. — Oil  of  vitiiul  and  water  have  the  samo  wcipbt 
l)efore  mixture  and  cooling  as  afterwards.  The  weighing  uf  cold  and 
heated  balls  in  the  air  proves  nutlung'. 

3.  It  is  very  elastic,  and  shows  great  tendency  to  ex{mnd. — Two  easily 
moveable  lK>cheH,  heated  in  viioiio,  rejtel  one  aiuttlier, — a  proof  that  lieat  is 
in  its  own  nature  reimlsive.  (FroMiiel,  Ann.  Chim.  Phi/s.  29,  57,  and  107; 
n\Mt  Pogg.  4,  3,'j5.) — The  enloured  riii^s  furmed  In'tween  a  lens  and  a  flat 
plute  of  glass  vary  in  tint  when  lieated,  in  such  a  manner  as  to  sliuw  au 
iiierea.'^e  «>f  di.stunce  lK>tween  the  lens  antl  plate.  (Ihtden  Powell.) — The 
line  soft  |xiw(ler  of  silica  separated  by  acids  from  s^ilutiotis  of  that  sub- 
stance, or  magnesia  in  a  similar  condition  heated  to  redness  in  a  platiniun 
dish  over  a  siiirit  lamp,  apfieara  to  swim  in  the  ditih,  lieeomes  very  mobile, 
and  places  itself  liniizMnlally  when  the  dish  ih  iurned  nn  «iiie  sitle — an  efft»ct 
whii'li  prf>ceeds  from  the  repulsive  furce  of  heal  (or  from  the  escape  of 
heated  air.*  tJm.f)     (Addnnirt,  Phi/.  M,ig.  J.  IK,  415.) 

4.  Through  a  vacuum,  thnrngJi  r-lustic  fhikts,  and  tlironph  many  liquid 
and  Bnlid  l»odi<'S.  it  spreads  itself  out  from  its  origin  in  straight  liars,  na 
Radiant  Heat,  with  a  great  and  hitherto  unmeasured  veliicity.     Its  in- 


*TI)iii  iicniiduid  Htato  of  m  pulvcniicnt  HuligUinre  i«  well  mcu  wtien  bicBrl)onftt«  of 
U  bealfd  in  •  Urge  eniciUle  for  the  p'jrpuHv  f>f  coiiTcriing  it  into  rarbonate  :  alM  in  tk^ 
cotiTcmion  of  oxal«tc  of  cerium  into  the  piroiide  of  that  mclal  \>y  ii^itiuo.  In  tbcaeowaa. 
iLt)  ctt'uct  i«  evidently  due  to  the  eacupe  of  boated  gai«a;  the'  Sue  particles  of  the  powder 
Jluat  iu  tlie  alraoapberv  formed  oroond  Uiem  by  Ibegaws  before  they  finally  cacap*.    
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tensity  varies  invcracly  as  the  square  iif.  the  distance  from  the  radiant 
point. — Rays  of  heat  may,  like  rays  of  hglit,  Ive  c«>iioeritratetl  by  iiiftallJc 
niinnrs,  but  u(»t  by  ghiss  niirmrs  or  li'iiscf,  by  wJiich  they  arc*  ahiiost 
wliully  absurbed.  If  two  concave  iiictailic  mirrors  hv  platvd  o|.i[M)8itt'  ojie 
another  at  a  distance  of  77  fe*."t,  ami  a  liot  body  plarcd  in  (he  fnciis  of  one 
of  them,  a  thennometer  in  the  focus  of  the  other  rises  iifimeiliately  ;  tinder 
is  also  set  on  lire.  Ice  placed  iu  the  focus  of  one  of  the  mirrors  proihiees 
instant  coohng  in  tlio  focus  of  the  other;  a  thcrttionietL-r  snsj)i-nded  mid- 
way between  the  two  mirrtirs  is  not  sensibly  affected.  (I^ictet,  GM.  la, 

A  body  plnced  in  vucno  or  in  tiie  air,  and  difFerin^  in  temiwraiure  from 
the  snnoiinding  me(hnni,  radiates  its  excess  of  heat  or  absorbs  tlic  rjusni- 
tity  in  wliich  it  is  deficient,  with  vai-ious  degrees  of  fjieility  iieeordiiij^  lt> 
tlie  nature  of  its  surface  ;  it  has  ttn^reforea  Bijec^Hc  liadifil in;/  imd  Afisurfiiuij 
p&wtr,  to  which  arc  f>ppi>sed  the  Jictainiuif  and  Rejfwtiiitj  pourri, — so  that 
the  latter  increase  ui  the  same  ratio  ;ih  the  former  diminish,  and  con- 
versely. If  llie  radiating  power  of  a  surface  covered  witli  hiiiip-lihick  be 
assumed  =^  lOO,  that  of  a  surface  covered  witli  resin  will  bo  IKJ,  with 
eealing-wax  95,  with  crown-glass  itO,  with  Indian  ink  HH,  with  ice  Hit, 
with  isinplass  and  red  lead  80,  with  graphite  75,  with  jMilished  lead  lit, 
with  polished  iron  lii,  with  polished  tin,  copjn^r,  and  gold  12.  (Leslie.) 
— Hlack  wool  has  greater  radiating  antl  absorbing  jMjiwer  than  grei-ii ; 
then  follows  red,  then  yellow,  then  white.  (Stark,  X.  Editib.  Fhii. 
J.  17,  7a);  ou  the  cor<traiy :  (Baden  Pnwcll,  ihid.  17,  228.) — Uoughm-ss 
of  surface  docs  not  increase  or  diminish  the  radiating  and  abs(>rbirig 
power  ;  in  the  case  of  rolled  or  hammered  metals,  it  is  increased  by 
scratehmg  the  surfaa>,  because  the  denser  surface  is  thereby  removed;  but 
with  cast  plates  it  is  diminished  by  the  same  treatment,  iK-cause  thcfiresKure 
caused  by  scratching  iiiereases  the  density  in  particular  [daces.  (Mcltoni.) 

It  is  commoidy  su[»fMispd  that  a  body  ]jlaee<i  in  the  air  or  in  an  empty 
spice  is  constantly  radiating  a  portion  of  its  heat,  whatever  may  be  the 
tempfjraturo  of  the  surromidiiig  bodies ;  Imt  siin^e  these  b4idies  radiate 
heat  in  the  same  manner,  the  (irst-Tnentioned  body  receives  heat  from  them 
at  the  same  time  that  it  gives  out  heat  tt>  them.  If  the  surrounding  Ixnlies 
liave  the  same  temptTatm'e  with  the  first,  the  quantities  of  iieat  emitted 
and  absorbed  will  be  equal,  and  the  temperature  kyi  the  first  Ixjdy  will 
rem:iin  the  same;  if  the  surnumding  l.K>dies  are  colder,  it  wUl  radiate 
niiue  than  it  receives  and  will  cool  down  ;  if  they  are  Imtter,  its  (erni>eia- 
turc  will  rise. — It  is,  however,  su]>crHuous  to  supjxisesueh  sui  hiterehango 
of  heat  to  take  place.  For  wherr  twt>  ixidies  se}«trated  by  air  or  an  empty 
space  are  equally  hot,  the  elasticity  of  the  heat  is  the  same  in  l>oth,  eaeli 
will  hi>!d  the  other  in  cheek,  ami  the  heat  in  Inilh  bodies  will  rema'm  at 
|H'rfect  rest:  when,  on  the  eontnuy,  one  body  is  colder  tfinn  t lie  other, 
tVie  tension  of  the  heat  in  the  former  will  be  less  than  in  the  latter;  and 
in  consequence  of  this  difference  of  tension,  a  quantity  of  heat  will  radiate 
from  the  hotter  to  the  colder  body  until  the  equilibrium  is  established. 

Difference  of  refrangibility  exists  among  ealorilic  as  well  as  among 
luminous  rays;  the  hotter  the  source  nf  heat  («*.  g.  the.  sun,  an  Argand 
lamp,  white-hot  platinnm),  the  greater  is  the  iinmld-r  of  the  more  refningihle 
njys  emitted  from  it;  the  hnver  the  teinfieratnre  of  the  soiuce  ((".i;.  metal 
lieatcfl  but  not  to  redness,  vessels  tilled  with  bniljug  water),  the  greater 
is  the  lumiber  of  the  less  refrangible  rays  which  it  emits.  Ev<'ry  source  of 
beat,  however,  Bends  forth  a  mixture  of  ealorilic  rays  of  the  most  various 
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degrees  of  icfrangibiiity,  the  proportion  only  var^ntig  according  tci  the 
nature  of  the  source.  For  these  difl'eront  rays  of  heat  bodies  exhibit  dif- 
fcrent  absorbing  j^wern.  Suow,  whoso  wliitcnoss  shows  that  it  reflects 
the  variniisly  rt'fraiig'ible  rays  of  light  in  equal  jirojwrtion,  absorbs  chiefly 
the  less  refruugible  rays  of  heat  and  retlecte  the  mure  refrangible.  Hence 
it  does  not  nieit  ho  (luickJy  in  direct  etniKlnnc  as  in  the  neighbourhood  of 
stems  of  trees  and  other  solid  bodies,  which  when  wamied  by  the  sun's 
rays  emit  calorific  rays  of  less  rofrungibility, — not  so  quickly  when  freely 
expfjsed  to  an  Argjind  lftm[),  as  under  a  covering  of  black  paper  which 
does  not  touch  the  snow ;  not  so  quickly  by  the  rays  of  an  Argand  lamp 
as  by  those  from  a  piece  of  niotal  lieated  to  400°,  when  Ix^th  are  phiced  at 
such  a  distance  that  their  heating  jiowers  are  cqunl,  &c.  (Melloni.)  This 
seems  to  sfiow  tliat  the  more  i-efrangible  rays  of  heat,  when  they  arc 
absorbed  by  bodies  ami  aftt'nvards  emitted  from  them,  are  converted  into 
rays  of  less  refrangibility.  Lamp-black,  on  the  other  hand,  appears 
chiefly  to  absorb  the  more  refrangible  rays. 

A  body  cools  in  vacuo  the  more  ipiickly  r  1.  the  greater  the  radiating 
power  of  its  sujface ;  2.  the  greater  the  extent  of  its  surface ;  3.  the 
smaller  its  mass;  4.  the  less  its  sjiecitic  heat;  6.  the  higlier  the  absolute 
temperatures  of  the  body  ami  the  surronnding  Iwnlics  and  meilium,  with 
equal  difference  of  temix'rature  (thus  a  thermometer  heated  to  100* 
cools  less  quickly  in  an  empjty  space  at  the  temperature  of  0°  than  it 
would  if  heated  to  180"  and  plaeed  in  an  empty  space  of  the  temperatnra 
of  80°).  (Dulongaud  Petit,) 

Dufay.  !V[aye<H.:k,  and  Prevost  diKCoveretl,  some  years  ago,  that  of  the 
rays  of  heat  which  fall  npon  a  thin  jilate  of  glass,  a  small  pirtion  are 
transmitted;  Delapoche  also  showed  that  the  umiiber  of  rays  transmitted 
increases  as  the  teuiiK-iatnre  of  the  source  of  heat  approaches  to  that  of 
ignition,  and  that  rays  which  have  [lassed  ihruugh  one  plate  of  gflass 
suffer  much  less  diminution  by  transnnssir»u  through  a  second  ;  Brando 
likewise  saw  {Au/i.  Chim,  P/u/s.  U»,  2oI)  n  tliermometer  placed  in  the 
focufl  of  a  plami-convex  lens  held  towards  the  tlaiiie  of  burnt  olefiant 
g-aa  rise  about  2"5°  C,  whilst  tVie  lens  was  not  sensibly  heated.  To  these 
tjbservations  have  since  been  aiMed  the  followuig  imjK)rtaut  discoveries  of 
Melloni,  who,  in  his  exjK'riments  made  use  <^f  the  thenuo-multiplier,  an 
inslniment  deiKMiding  ujxin  thenno-eU'ctric  action  and  highly  sensible 
evef«  to  the  smallest  variations  of  tem|jemture.  All  transparent  Hub- 
stances,  even  those  which  are  st>  dark-coluiired  as  to  appear  almost 
opaque,  like  black  glass,  enide  p^Toligneons  acid,  and  balsam  of  Pern, 
allow  rays  of  heat  to  pass  throngli  tbein,  thfnigh  in  different  quantities 
and  of  different  (jualities  :  witli  reference  to  this  projierty  such  bodies  are 
said  to  be  diat/ieriiiaM>m,  Common  salt  trarismits  all  rays  of  heat  cqi 
well;  moet  diathermanous  bodies  chieHy  traii-smit  the  more  refrangil 
and  absorb  the  less  refningible  rays  (common  salt  covered  with  lamp* 
bhick  Ih  the  only  substance  chielly  pervious  to  the  less  refrangible  rays). 
Of  100  rays  of  heat  proc<H>ding  from  an  Argand  lamp  and  falling  on 
plates  of  the  following  substances,  0*002  metre  in  thickness,  the  qnanti* 
ties  trauKuiitted  are  as  follows:  Transparent  ruck-Malt  y2'3,  Qint-glaas 
tt?,  sulphide  of  carlxin  and  proto-chloride  of  sulphur  (Jli,  double  refract* 
ing  s|»ar  and  nn-k  crystal  (12,  smoky  topaz  57,  Bniy-ihan  to{^)az  54,  tratis- 

Imrent  leml-sjHir  52,  crown-glass  4U,    white  clialcedony   35,   transluoent 
iravy  spar  •'i!),  oil  of  tur|)eiitine  31,  fat  oil  30,  transparent  atiua-niarina 
SUf,  translucent  liorax  2M,  green  Brazilian  tourmalin  27,  brown  balsam  of 
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copaiba  26,  trausliiccnt  adiUitria  24,  ether  :J1,  trauBpareiit  gypsum  2t), 
oil  of  vitriol  17,  nitric  at'id,  alcohol  and  citric  acid  1&,  transparent  alum 
12,  water  11.  The  uou-traueniitted  portion  of  the  cjiloriiic  rays  is  partly 
lellected,  partly  absorbed.  With  rock-salt  reHcction  alone  takes  place  for 
a  plate  of  thi^  Hubstance,  0'U48  nictrt."  thick,  traiisnutsus  many  ra_j'»  as  one 
which  is  U'diJi  mi-trc  in  tliicknt'tis, — whilst  twu  thin  platiiti  of  ruck-salt  laid 
one  uj>oii  the  other  transtnit  loss  light  oti  account  <»f  .tli«  donbh.'  refiection. 
lleuce,  of  ItHt  rays  of  heat  falUug  perpendicularly  u|>i>u  nx'k-sidt,  tl'2'3  are 
transmittt'd  and  7'7  rcUectcd :  when  the  incidence  ih  oblit[iie,  I  he  quantity 
reHected  is  suinewhat  greater.  With  ulher  diatherrnani>un  biidicH  also  the 
quantity  itf  heat  rejected  amounts  to  7'7  yucr  cent,  (athcnimnous  bodies 
ivHect  a  great  deal  more,  e.</,,  brass  11"3  times  as  much).  But  these 
diathermanous  bodies  hkewise  absorb  various  qviautitics  of  tlie  less  refran- 
g'ible  heat-rays  which  full  upon  them,  the  quantity  aksurbed  iticreushig- 
with  the  tbicknesa  of  their  mass.  Double  refractuig  »pur  (I-(KI2  met. 
thick  transmits  tJ2  per  cent,  of  heat,  and  at  the  lliicknetis  of  {H>\)2iu.  only 
63  p.  c. ;  plate-glass  of  tho  thickness  of  0"002n].  transmits  61"9  |).  c;  of 
0*004m.  57*6,  and  of  0'0()8m.  55'8  p.  c. — By  means  of  a  lens  of  rock-salt, 
rays  of  heat  may  be  brutight  to  a  focus, — or  if  they  proceed  fnun  the 
focus,  they  may  be  refraj'ted  in  parallel  lint^s  just  as  well  as  rays  of 
light  by  a  glass  lens :  the  focal  distance  for  heat  however  is  somewhat 
g'reater  than  that  for  light,  because  the  calurihc  rays  are  less  strongly 
I'cfracted.  Kock-salt  transmits  rays  of  heat  of  all  degrees  of  refrangi- 
bility,  just  as  while  glass  transmits  all  the  luminous  rays.  But  most 
other  diathermanoUB  bodies  give  jmssage  ehielly  to  the  inure  refrangible 
rays  of  heat,  as  violet  glass  tran.smits  the  more  refrangible  rays  of  light. 
KiX"k-Balt  blackened  with  lamp-black,  which  transmits  in  preference  the 
less  refrangible  rays,  is  to  a  certain  extent  analogous  to  red  glass  ia 
relation  to  Ught.  Glass  ailoured  bluish  green  with  oxide  of  cop|jcr  aj)i>earB 
likewise  to  al^aorb  the  more  refrangible  rays  of  heat.  When  the  light  of 
the  sun  is  made  to  jmss,  first  through  water  which  alisorbs  the  less  re- 
frangible, then  through  glass  coloured  with  oxide  of  copjjcr  which  takes 
up  tiie  more  refrangible  rays  of  heat,  it  is  totally  deprived  uf  its  heating 
power.  (Melloni.) 

When  the  light  of  the  sun  is  transmitted  through  a  prism  of  crown- 
ghiss  which  tlutnvs  the  maximum  of  heat  into  the  red,  and  the  dark  ])art 
of  the  heat  s|K'ctruni  situated  beyond  the  red  is  divided  into  six  zones,  the 
outermost  of  which  shows  the  same  tenq>erature  as  the  violet,  the  next 
the  same  as  the  indigo,  &e.,  it  ia  found,  on  interposing  a  film  of  water, 
U'OtH  metre  in  thickness  (or  a  plate  of  gypsmn  or  alum, — glass  acts  lesa 
strongly),  between  tlic  prism  and  the  spectrum,  that  the  hcathig  power 
diminisKes  more  and  more  as  the  distance  from  the  violet  inci^eases. 


>     ^     n     IS     ^     O       Pi 


Zone. 


Without  the  film  of  water  2»    b"     9°     12'    25"    29°    32°    29"    25'    12»    9'    5'     2' 
With  ihe  filiii  of  water     ..2     45    8       10     20       21      20      U       9        3      1       0-3     0 


Water  in  fact  absorbs  the  calorific  rays  the  more  completely,  the  less  re- 
frangible they  are,  whilst  it  transmits  c»*mpletely  the  most  refrangible 
rays  at  the  violet  extremity.  When  the  film  of  water  is  (V3  metre  thick,  tho 
maximum  of  heat  is  found  at  the  cotmnenc^ment  of  the  gvcen,  and  the  heat 
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Bpectrum  extends  bnt  a  little  way  beyond  the  red  into  the  dark  space.— 
This  explains  Seebeck's  discovery  (page  16.5),  viz.  that  the  mnximnm  ol 
heat  is  fouud  in  different  parts  of  the  Bpectnmi  according^  to  the  nature  o 
tile  prinra.  The  Htnallor  the  number  of  calorific  rays  which  any  eabetanol 
trannmitfl  (p.  2I.'j),  whilst  it  retains  the  less  refrangible  ravs,  the  mori 
nearly  dr»e«  the  maximum  of  heat  in  the  spectrum  fonne<i  by  a  prisa 
made  of  that  substance  approach  to  the  violet ;  whence,  according  ts 
See  beck,  a  jtrism  of  water  friaces  it  in  the  ycUow,  of  oil  of  \ntriol  in  tb^ 
orange^  of  crown>glas8  in  the  red,  of  tlint-g'lass  beyond  the  red  ;  and  witfc 
a  prism  of  rock>8alt,  which  completely  transmits  even  the  least  refrangihlii 
rays,  the  maximnm  of  heat  is  situated,  according"  to  Melloni,  in  the  dailc 
space,  and  as  far  removed  from  the  red  as  the  red  itself  is  from  the  violet,^ 
With  some  glajss  prisms,  the  maximmri  of  heat  approaches  more  nearly  to 
the  x-iolet,  in  proportion  as  the  ray  of  sfilar  light  passes  through  > 
thicker  (lart  of  the  prism, — because^  in  this  longer  passage^,  throtlglH^I 
glass,  a  greater  number  of  the  less  refrangible  heat-rays  are  retai^^l 
(Mell.)ni.) 

If  light  and  heat  are  regarded  as  identical  in  substance,  it  may  bt 
stipposttd  that  the  rays  of  heat  approach  more  nearly  to  those  of  lignt  ia 
pro[>r)rtion  as  their  motion  is  more  rapid  (which  also  implies  increased 
refrangibility).  The  hotter  the  iwiurce  <if  heat,  the  greater  is  the  nomber 
of  the  more  rapidly  moving  calorific  rays  emitted  from  it;  and  these  put 
without  sensible  abBoq)ti<in  through  glasH  and  other  diathenuanoue  bodied 
and  then  also  through  several,  wliikt  the  more  slowly  moving  heat-ra}'9 
are  absorbed.  (Ritchie.) 

IT  The  subject  of  Radiant  Heat  lias  lately  been  further  investigated  hj 
Kiif)blaiich.     (Pogg.  70,  205  aii<l  337;  71,1:  absfr,  Ann,  Pharm.  74,  ISiJ^ 
The  principal  results  ftbtiiined  by  this  phih)SopIier  are  as  follows. 

1.  The  qiiatitittf  of  radiant  fietft  Irtinatiiiltfd  tfmnigh  dtathtrmanotit  bodie$i 
not  (as  forrot.-r  exjuTiuKititH  sfeincd  U*  nhow)  dirtcth/  jiroportiimnl  to  the  temf^- 
rtiture  of  the  source,  biit  rlepetidjt  onli/  nn  the  romtitufinn  of  the  dtathermaniMt 
bodi/, — each  bwh/  being  ptnueated  hfi  cetinin  calorijic  rai/n  more  rendiJif  than  bf 
ofhei-g,  tthrther  thvM  rin/s  are  emilti'd  at  u  higher  or  at  a  lower  temperature,—^ 
ThtiH  when  rays  of  heat  from  incandeecent  platinum,  the  flame  of 
alcohol,  of  an  Argand  lamp,  and  of  hydrogen  gas  were  made  to  nsS 
through  ctjldurless  glass  and  alum,  and  then  to  fall  on  a  thermo-multipJier, 
the  distance  of  which  was  ho  adjusted  as  always  to  give  a  deflection  of 
20"  by  direct  radiation  when  the  diatheruianous  bodies  were  removed^— 
the  following  results  were  obtaiued ; 


Soarcei  of  U«at. 


Incandnc.Mit  platiaum 
Ft«mt'  r>f  alcohol.,  .... 

Arfiiid  Ump „,, 

llydrof en  gu 


Direct 
Rudistion, 


20° 
20 
20 
30 


Colniirl«u  GI4US 
1'3*"  thick. 


12' 
11 
15 
12 


Alon 
II— thkk. 


8 -as* 

'•50 

10-.S0 

7-75 


Through   rhomlx»hedral   talc-mica  {Kali-und  magnesia-glimmer'y,    the   hctX 
fnmi  thi'  tiame  of  hydrogen  (masses  less  easily  than  that  innn  either  of  the 
rtther   three   sonrci^s. — iJy  exfieriments    made  with  a  cubical  vessel  con 
toiuing  hot  water,  also  with  a  cylinder  of  uutiuned  iron  heated  uvcr  a 
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Argand  lamp,  and  a  spiral  of  platinum  wire  heated  to  various  degrees  of 
jncjitidc'sceiice,  it  was  likewise  found  tliat  when  the  heat  emitteil  from 
one  and  the  name  ImkIj  at  various  tern ]>era hires  is  made  to  pah^s  tlirouj^jh 
dilTeretit  diathermaunus  bodies,  the  iptatitity  of  hcut  transiuitted  is  imt 
I»rop(irtiniial  to  the  t^'tniH'mture  of  the  source,  but  dei>enils  ui>ou  the 
nature  of  the  diathermanotis  media. 

2.  With  reg'ard  to  the  heatiuy  of  lioilirs  hy  nuiiation,  Knohhmch 
shows  tliat :  The  htnitiiirj  effect  proihiccdy  trlim  the  radiated  hait  u'h{i;h 
rmches  the  bodies  is  of  yiven  intermti/,  is  totaUi/  indepntdinit  of  the  triii- 
Itrrdtine  of  tfte  source.,  and  determined  oal//  b;/  the  nature  of  the  nb*f>rb- 
vuj  bofUe*,  it^hich  receire  certain  rays  more  readily  than  athers. — Thus  when 
the  lieat  from  an  Argand  lamp  and  a  raetal  eylinder  heated  to  MiC  R. 
was  made  to  fall  on  a  jihite  <tf  tnetul  coveied  witli  l:iinp-hiiu"k  on  the  side 
turned  towards  tlie  thermo-pile,  but  having  its  otlier  side  covered,  in  one 
case  with  earniiue,  in  the  otlitT  with  black  jHifier,  the  following  results 
were  obtained. 


Direct 
BAdiution. 

Interposed. 

Sonrcee  of  Heat. 

Cftrmine. 

BlMk  Paper 

A  rg»nd  L^ainp     

36° 
60 
85 
50 

9  50' 
IS  75 
10  S7 
16X2 

10  75« 

15  2i 

Cylinder  beftted  to  80*  It 

10  12 

H  00 

To  determine  the  manner  in  which  the  heating  of  bodies  hy  rntUation 
is  affected  \>y  their  thickness,  exi)eriments  were  made  with  a  nietalHc 
plate  covered  with  layrrs  of  varnisli,  &c.,  of  various  thicknesses.  The 
foUowuig  table  exhibits  the  results. 


SooroM 

of 

Heat 


gand  lamp  . . 

jj  * ' 

Itoclerfieated 


MetAllic  rUl«. 


Naked 


050 
10-50 

fl'50 
10-60 


Covered  with 


lAjrers  of  Varaiah. 


1 


8  25 
U  60 

9  00 
1750 


825 
15  13 

8-25 
18-12 


8  26 
1562 

8  50 
20-12 


8 

8-25 
1576 

e-60 

20  76 


LayerB  of  Black  Lac. 


tbiu     thick  thicker  ihkk«t 


7  12 
1450 

e  12 
18-62 


8  26 
1625 

!J->'7 
20-25 


8  02 
17  37 
11-62 
21-87 


05 
1812 
12  00 
22  12 


Ivajere  of 
White  Lead. 


Ill  in 


7  25 
U  12 

8-75 
17-00 


thick 


aoo 

18  50 
9-62 


Ilencc  it  follows,  that  witliin  the  Hnnts  of  these  exijerimenis,  the  sub- 
$tanceii  employed  are  wore  stronyfy  heated,  in  prnpartion  its  their  thicknets 
M  4/reater.  Precisely  the  coiitiary  result  was  obtained  hy  Leslie  and 
Melloni.  The  discrepancy  is  eX|ilaiiird  as  follows.  The  amount  of  lieat 
iiiiljurted  to  a  body  hy  radiation  increases  in  pn»|KU-lt<)n  to  the  nnmbi-r  of 
absor1»ing  layers  to  which  the  heal  can  penetrate.  Ihit  the  heating  effect 
attains  its  maximum  at  a  certain  thickness,  beyond  whieli  the  heat  im- 
parted hy  radiation  cannot  attain.  Now  in  KnoMauch's  ex|ierimeiits, 
the  thickness  was  never  too  great  to  allow  each  successive  layer  to  bo 
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heiited,  aud  thus  to  act  up<:m  the  niututlic  surface.  In  the  obeervationB 
of  Leslie  and  MeUoni,  on  the  contrary,  the  interposed  diatberroanous 
plates  were  bo  thick,  that  only  a  small  portion  of  the  heat  absorbed  fieae- 
tratcil  tt>  the  aide  which  wok  turned  towards  the  thormoscope. 

3.  With  reajx-ct  tn  the  rmliuliinj  pvtrern  of  different  HUbstauccs  at 
the  same  teuif)t'ruturc,  Knoblauch  confirms  the  law  laid  down  by  iMelloni, 
viz.  tlmt  the  rndiaiiiiif  power  of  a  bo(hf  is  fttjliiencid  bif  scratching  its  sur- 
face, vtiltf  in  80  far  fi.f  H^  damity  aud  hardn^tm  arc  thereby  altered  : — also 
the  result  preNiously  obtained  by  both  Runiford  and  Melloni,  that :  the 
radiating  poirer  increases  mth  the  thickness  of  the  radiating  Jilni, — a  law 
wbjcli  furnishes  another  [irouf  of  the  corresj>ondence  between  I'adiation 
and  abst>r[i1ion.  Knoblauch  likewise  observes  that  the  equality  of  the 
radiating-  and  absorhing  [Hjivcrs  i«  absohitily  true  as  regards  one  and  the 
same  body;  but  that,  with  respect  to  different  bodies,  it  cannot  be  main- 
faineJ  that  a  body  which  at  a  certain  teni|H.'rature  exiiibits  a  hig-hcr 
nvdiatiiig  piwcr  than  another,  necessarily  also  (lossfases  a  greater  ab6i>rb- 
ing  j>ower ; — for  the  pro] »nrt inn  between  the  quantities  of  heat  absorbed 
by  twt»  boiJies  varies  with  the  nature  of  the  calorific  rays. — Lastly,  it  is 
Known  that  the  nuliating  powi-r  of  a  bndy  is  the  same,  however  difTcrent 
may  Ik?  the  calorific  rays  by  which  it  is  healed. 

4.  The  heat  radiated  fnnit  the  most  various  solid  liodies,  such  as  ptettlij 
tvoofL,  porcdiaii,  leather,  chth,  jiastcboard,  ^r.^-o/"  different  thicknesMB  and 
diffa-aU  conditions  of  surface,  appears,  tchen  tested  by  all  tJtt  mean^f  at  our 
command,  to  be  of  the  same  nature,  in  whatever  manner  it.  viay  hare  been 
exdted. — In  the  exi)eriment8  l>y  which  this  result  was  obtained,  the 
temperatures  of  the  8<jurce8  of  heat  varied  from  io^'to  ilO°  R. — Tlus  result 
is  of  some  interest  with  reference  to  the  detenuiuation  of  specific  heat ; 
for  if  the  ice  in  the  calorimeter  were  to  absorb  the  heat  radiated  from 
different  sulwtances  in  different  degi-ees,  the  quantity  rif  ice  uicltcd  would 
not  k>e  a  direct  measure  of  the  quantity  of  heat. 

6.  Alteration  of  heat  by  Inrtpdar  Reftction.  SlcUoni  has  remarkod 
that  a  wliite  surface  rcHccts,  with  various  degrees  of  intensity,  the  hcutof 
a  Locatelli's  lam|i,  according  as  it  is  used  with  or  without  the  glass 
chimney, — also  tlie  heat  of  incandescent  j)Iatiuum,  and  that  of  a  metal 
cylinder  heated  to  41)0"  C. — Metallic  plates  with  rough  surfaces  arc  the 
only  bodies  which  reflect  equally  the  heat  from  all  sources, — whilst 
lamp-black  gives  a  scarcely  [lereeptibli?  dispersiim  with  any. — The  fol- 
lowing-table  contains  the  results  of  a  number  nf  exfteriments  in  relation 
to  this  subject.  The  source  of  beat  used  was  an  Argand  lamp,  and  the 
heat,  after  reflection  from  the  various  substances  tnentiuned  at  the  head  of 
the  table,  was  made  to  traverse  the  several  diatiiemianous  media  n»en- 
tioned  iiix  the  first  column, — the  object  being  to  detemiine  whether  the 
calorific  rays,  after  difTHKe  reflect  iun  from  thoKc  various  surfaces,  would 
pass  through  the  different  ntedia  in  eijual  or  unequal  quantities. 
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The  rays  of  heat  reflected  from  certain  homogeneous  bodies  passed 
iit  unaltered  profKitrtioji  through  thi?  diatlicrmarious  media.  Such  was 
the  case  with  birchwi Hid,  cork,  aud  mahogany ;  also  with  the  simple 
motals  and  metallic  aloyu. 

Hcnt  in  therefore  altered  by  diffuse  refitction  in  very  different  icayt:  in 
a  high  detjree  by  some  bmlie*,^  not  at  all  by  others.  These  alterations,  in  the 
case  of  uijixjlinhed  hodk'S,  are  independent  of  their  degree  of  rougij- 
nesB : — in  the  case  of  inelallic  surfaces,  it  is  even  hidifTerent  whetner 
they  are  UBcd  in  a  state  of  high  sjwcular  jKilish  or  in  any  other  coucUtitm 
of  surface. 

By  making  use  of  incandcflcent  jdatinum,  the  flame  i>f  alcohol,  and  a 
boated  metal  cylinder  a«  BourccB  of  heat  it  was  f*>ufid  that:  The  chaut/eg 
produced  in  heat  by  irrrgidnr  rejtrxtitm  are  nffhifd  by  the  rutture  of  Un 
source  of  heat  as  well  «.<  /"/  the  nature  of  tht  rcftrtimf  surf4tce.  Aud  in 
jtarticiilar,  that  the  iiioiliticutions,  which  are  very  coiisi(U-ra()le  in  the  raya 
of  tlu'  ArgaTifl  lariip,  are  Icsh  in  those  of  red-hot  platinum,  still  less  iii 
thiwe  of  tlie  alocliol  lliiiiR",  ami  in  the  case  of  the  metal  cylinder  heated  to 
any  tem|)iTHtiire  hctwt'c-n  2<l    and  1*0^  K,  they  become  absolutely  nfitliing*. 

It  iH  tanily  seen  how  by  these  modificuttons  the  rays  of  heat  reflected 
fr<iin  difft'rent  subHtancx's,  may  to  a  cerlaiii  extent  alter  tlieir  relations  one 
to  another-  Th«i8,  the  heat  of  an  Arf^and  lamp  when  reflected  from 
carmine,  passes  through  gypsum  with  less  facility  than  when  reflected 
from  white  velvet.*  Tlie  rays  of  incaiuleweent  platinum  jkiss  eonally  writ 
tliroiigli  gypsum  after  retlectiou  from  those  snrfiKvs;  and  the  lirat  of  an 
alct*hol  Hatue  passes  through  that  medium  after  reflection  from  carmine 
bottiM*  than  after  diffuse  re11i;c:tion  from  white  velvet. 

Oil  repeating  the  t;x|)erimeul8  with  the  four  ahove-rnentioned  gourcos 
of  heat  with  referem-e  to  a  different  object,  it  was  found  that  surfaoos 
whi<-h  affret  a/nfflty  the  rays  from  any  one  source  of  heat,  e.  g.  of  an 
Argftud  lamp,  hkewise  rmidify  in  an  eipial  degree  the  rays  from  any 
other  Houree.  The  following  lists  c<intain  those  sulwtances  wliich  scatter 
the  rays  «>f  heat  in  such  a  manner  that,  as  far  as  regards  their  passage 
through  red  glass,  blue  glass,  almn,  nx-k  salt,  calcspar,  and  gyi^isum,  they 
are  not  to  be  distingxrished  one  fronj  tho  other.  The  b'Klies  in  (1)  have 
likewise  this  |»eeuliarity, — that  the  lieat  irregularly  reflected  at  tht'ir 
surfaces  is  uinlistinguishable  from  nou-reQect<'d  ia-at. 

(1.)  Gold,  silvL-r,  platinmij,  mercury,  iron,  tin,  zinc,  copper,  lead, 
alloy  of  lead  and  tin,  bmss,  German  silver,  mitiiined  iron  plate.  (2.) 
(Jyjwum,  chalk,  white  lea<J,  white  4ul-Lolnur,  [loreclain,  linen,  white  {inpor, 
blue  priper,  while  cotton,  grey  calico,  Paris  grren,  green  cinnabar,  cliit>mo 
yellow,  black  lac.  (3.)  Birch-wo«>d,  cftrk,  ninh<igiiny.  yeUow  marble. 
(I.)  White  satin.  Mack  satin,  whit*'  taffetas,  black  taffetas.  (5.)  Blue 
velvet,  !»lat!k  velvet.  (tJ.)  Yellow  leather,  brown  morocco.  (7.)  Light 
cloth,  black  clvtli,  (M.)  Blue  floek  f^in-r,  green  tlock  paper.  (9.)  White 
wool,  red  wo<il.     (10.)  (-iniiabar,  oxide  of  coj»|>i:>r. 

Of  the  following  suhstances,  thoso  crfntainod  in  the  same  ^vision 
exhibit  a  siniilar  but  not  exactly  eijiial  action. 

(U.)  Carmine,  madder,  rtnl  flock  [lajM-r.  (12.)  White  velvet,  white 
vfvxA,  green  flock-pap(^r.  (13.)  Whitt*  h-ad,  IMessbaeli  l>hie.  (14.)  Black 
velvet,  grwu  oil-cloth.  (l.V.)  Black  paiH-r.  black  glas,"*.  (16.)  Coal, 
coke,  |jlund>ago,     (17.)  Lamp-black,  animal  charcoal. 

The  folh)wing  mubstances.  with  reference  to  the  dist^ersion  of  heat, 
cannot  Ih'  inclndfd  in  either  of  tlio  preceding  groups. 

(18.)  Ultramarine.     (19.)  Peroxide  of  tin.    (20.)   Tannatc  of  per- 
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oxide  of  iron.  (21.)  Indian  ink.  (22.)  Rod  taffetas.  (23.)  Green  tiif- 
fetrts,  (24.)  Dark  red  velvet,  (ifi.)  Lig^lit  rod  velvet.  (26.)  Green 
velvet.  (27.)  Btm.-k  itmnx'oo.  (28.)  Brown  iruncbester.  (21).)  Mother 
of  ]>e»rl.     (3U.)  Ivory.     ('Jl.)  Charcoal,     (H2.)  lirowri  coal. 

It  is  also  shftwn  thut  :  The  chawjes  which  heat  untlenjoes  h>i  diffme 
refection  are  u-hitlly  due  to  an  tlevtive  ubnorhing  power  of  the  refectimj  surface 
for  certain  of  the  catorifc  rays  tchich  are  sent  to  it.  In  this  ivspeet,  the 
pheiioineii!!  are  perfectly  analof^'oua  to  thoee  which  arc  obaei'ved  in  the 
diffiiHc  rctk'ctifjfi  of  lumhiuuH  rays. 

With  the  cxee|itioi)  of  tlie  metals,  which  reflect  all  calorific  raya 
equally  well,  and  of  charcoal  which  absorbs  them  all,  it  cannot  be  said  of 
any  tJubstance  yet  esamiiied,  that  it  rcflcctH  heat  Ix'tter  or  worse  ujj«in 
the  whole  than  another ;  itiUvSiuuch  as  the  jjrojxjrtiori  varies  with  each 
raih'ati*  m. 

f).  The  preceding'  results  show,  with  regard  to  the  fiources  of  heat 
employed,  tliat  the  diveraily  of  quality  in  the  emitted  rays  i.s  {j^i-eatcBt  in 
the  Ar^aruJ  lamp,  U^ss  in  the  ijicandescent  jilaliiinni,  and  still  le«H  in  the 
alcohol  Ham*', — while  in  the  cane  of  the  cylinder  heated  to  8(>°  R,  it 
vaniKhofl  alto<rether.  Gen<*rally,  t!io  heat  eJiiitted  from  the  nuiKl  various 
Bolid  iK.dics  between  the  teniix'ratiiresof  [Mf  and  DU"  K  (144-&°  and  2S4V 
Fall.)  is  Jd'rfeetly  homogeneous  or  monochromatic. 

The  variety  of  cnlttri/ie  tiiitji  in  the  heat  of  incandescent  platinum 
increasefi  with  its  tempera! are.  It  in  not  lunvever  univt-rsally  true  that, 
of  two  sources  of  heat,  that  which  has  the  liiffher  tein])i'rature  has  al«o 
the  greater  variety  of  calorific  rays:  f.  g.  red-hot  platinum  emitu  rays  of 
fi^reater  cljversity  than  those  emitted  by  the  flame  of  ak-ohol. 

It  is  likewise  remarkable  that  tlie  variety  of  calorific  rays  emitted 
from  different  sources  is  greater  or  less,  just  as  those  sources  contain  a 
greater  or  less  variety  of  the  coloured  rays  of  lijfht:  thus,  it  is  evident 
that  the  llame  of  the  Arg^and  tamp  is  richer  in  this  rrspcct  than  red-hot 
lilalinum,  and  the  |jlatuium  richer  than  the  alcohol  Uame.  % 

The  calorific  rays  of  a  body  heated  to  dull  redness  may  be  polarized 
like  rays  of  li<^ht  (p.  1G4),  bo  that  they  will  or  will  not  Ih?  relJected  from 
a  second  surfa«-e  aiul  afterwards  affect  a  thermometer,  accordititf  tu  the 
jiosition  in  wiiicli  that  surface  \h  placed.  (Beriard,  Ciilb.  4(j,  .S^H4.)— Rays 
of  heat  may  be  polarized  by  transioission  through  tourmalin  or  mica, 
dejK'larized  by  doidily  n-fractinjLr  crystals,  &c.  (Forbes,  Melloni.) — ISaden 
Powell  denies  the  putlarization  of  heat, 

Aecortliti;^  to  Puuillet's  a]>proxiniate  estimatkjin,  the  temperature  of 
the  sun  is  between  HOI"  and  17'il'*  V,  aiul  it  seiidn  annually  to  the  earth 
as  much  lieat  as  would  melt  a  stratum  of  ice  surrounding  the  whole  earth 
and  31  euetres  in  thtekriesa.  The  temjterature  of  space,  according  to  the 
same  calculation,  is  about  —  142''C;  but  this  likewise  imparts  yearly  to 
tlie  earth  a  quantity  of  heat  sufHcient  to  melt  a  similar  stratiun  of  ice  of 
the  thickness  of  2(;  metres, 

\Vlien  beat  is  restrained  io  its  radiating  motion  by  the  adhesive  force 
of  liquid  and  solid  bothca  it  diffvises  itself  within  them  slowly  and  with  a 
creepuig  motion  ;  it  is  conf/«uW  by  them. — According  to  Fourier's  hypo- 
thesis, the  conchiction  of  heat  consists  in  radiation  from  one  atom  to 
another. 

Conducting  jKufcr  of  mlidif.  The  metals  are  the  iK'st  conductfirs  of 
heat.  If  the  conducting  jjower  of  gold  be  assumed  =  1000,  that  of  pla- 
tinum is  981,  of  silver  973,  copper  898,  irom  374,   2unc  363,  tin  304, 
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lead  180,  marble  24,  porcelain  12,  tUefi  11-4  (Pespretz.)  If  a  munbcr 
of  metallic  rods  of  equal  length,  breadth,  and  weiglit,  and  covered  with 
wax,  be  equally  heatea  at  one  end,  the  wax  on  the  copper  will  be  melted 
for  a  distauce  of  3"o  inches,  on  the  silver  2"o,  and  on  the  platinum  and 
palladium  1  inch.  (Wollaston.)  Comp.  N.  W.  Fischer  {Kastn.  Arch.  14, 
147;  Pogff.  19,  507  ;  52,  632.) — The  pasRage  of  heat  from  one  solid 
body  to  an<ither  in  close  contact  with  it  canBCB  retardation.  (Deapretz). — 
N.  W,  Fischer's  assertion  {Pogg.  10,  513)  that  when  water  is  placed  in 
contact  with  the  heated  end  of  a  metallic  bar,  the  heat  moves  on  to  the 
cold  end,  has  been  to  a  certain  extent  confinned  by  Mousson  {BiJb,  univ. 
N.  S.  12,  418)  but  contradicted  by  Schroder  {Pogg.  46,  135)  and  Bottg«r 
{Pogg.  50,  GO). — Porous  iKxiies  are  remarkably  bad  conductors,  e.  g,  those 
of  organic  structure,  such  as  wood)  wool,  feathers,  &c. 

%  Senarmont  (^V.  Ahk,  Chim.  Pktfs.  21,  457)  has  investigated  the 
conduction  of  heat  in  crystalUzed  bodies.  The  mode  of  experimenting 
was  to  heat  a  cylindrical  plate  of  the  crystal  in  the  direction  of  its  axis, 
and  trace  the  form  of  the  isothermal  cnr^•e8  on  the  two  faces  by  means  of 
melted  wax.  A  small  tulw  of  platinum  was  insertc'tl  through  the  centre 
of  the  plate  in  -the  direction  of  its  axis,  bent  at  rig^ht  angles  at  the  lower 
extremity  and  hcatfd  by  a  himp, — a  cm-rent  of  air  being  at  the  same  time 
sent  through  the  tube  by  means  of  an  aspirator.  Tlie  two  1>a6CB  of  the 
cylinder  were  covered  with  wax,  which,  being  melted  by  the  heat,  traced 
out  on  the  surface  a  curve  line  whose  form  was  determined  by  the  con- 
ducting power  of  llie  crystal  in  different  directirms. 

Plates  of  homogeneous  substancc-s,  such  as  glass  and  sine,  treated  in 
this  manner,  gave  clrcl'^s,  the  centre  of  ivliich  was  at  the  source  of  heaL 

On  a  plate  of  calospar  nit  iHTpcndJcnlar  to  the  axis  of  symmetry,  the 
curves  were  circles  ivitb  their  centres  in  the  axis.  On  plates  paraUel  to 
the  direction  of  natural  cleavage,  the  curves  were  also  circles,  exhibiting^ « 
slight  tendency  to  elongate  in  the  direction  of  the  prinri|>al  section.  On 
plates  parallel  to  the  axis  of  symmetry,  and  having  their  plane  perpen- 
dicular to  one  of  the  faces  uf  the  primitive  rliouilK")heilron,  the  curves  were 
eUijiscs  very  regular  and  well  defined;  and  ha\nng  their  longer  axes  in 
the  direction  of  the  axis  of  symmetry.  The  ratio  of  the  axes  was  1*118. 
These  experiments  show  that  the  axis  of  symmetry  is  a  direction  of 
greater  cnnductibility. — Similar  results  were  obtained  with  quartz,  the 
ratio  of  the  axes  being  1*31. — It  may  theref<jre  be  inferred  that :  /»»  media 
coiistiluied  liic  cn/staU  of  the  rhombohaintl  ^ti/Kttm,  the  conducting  power  variet 
HI  fuc/i  a  miinncr,  Unit,  supposing  a  centre  of  hoH  to  ejrkt  within  them,  and  tkt 
mediuvt  to  be  indefinitely  extended  in  all  directions,  the  i^othainnl  sttrjacta  art 
cotu:en(nc  fllljfKohU  of  revolution  round  the  axis  of  tymmetnfy  or  txt  leatt  gur/aet» 
difftrring  hut  little  therefrom. 

(hi  plates  of  g>'psinn  j)erpcndicular  to  the  crystallographic  axis,  the 
cur\-i.'H  were  ellijwes,  the  ratio  nf  the  axes  Ix^ing  1-23.  The  author  wms 
unablo  to  ex|MMinieiit  nytoii  ))luteH  jx'rjH'udiculur  t«i  the  «lii*ection  of  ctasiest 
cleavage;  but  there  is  everj"  probability  that  the  curves  in  this  case  would 
also  be  elliptieal.  It  may  therefore  be  inferred  that  :  In  media  conntihtttd 
Hit  cryMnl*  trith  two  optic  (urcji,  if  we  ntppone  n  centre  of  heat  to  e.ri»t  within,  and 
the  eryntnl  to  be  indejijutetif  extended  in  all  directmnif,  the  ijtothermnt  mrf'acts  inll  be 
tUipMiidt  with  three  <iu((finil  axef,  or  ctirre  gtirfaceg  differing  but  little  thertfrxna. 
It  J8  pn^bable  also  that  tht-  principal  axes  of  these  isothermal  surfact^ 
ooindde  with  the  cfystallogpraphic  axes,  when  the  latter  are  likewise  axes 
of  symmetry. 
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No  experimeuta  were  uiado  with  crystals  belougiug*  to  the  regrilar 
system,  on  account  of  tlie  dilliculty  of  |>r(»ourii!g  suitable  epecimcns.  It 
is  prohablo,  however,  that  in  media  of  this  nature,  the  Isothermal  surfaces 
would  be  spherical.  ^ 

Cviidiii:(in<f  Power  of  Liquiih.  W\wj\  heat  is  enmmunicatcd  to  the 
bottom  of  !i  liquid^  it  diffuses  itself  quickly  and  uiiiforndy  throughout; 
not,  however,  by  conduction,  «'.  e.  by  radiation  from  particle  to  particle, 
but  in  coiisequt-nce  of  currents  in  the  liquid  itself, — the  lower  pt»rtion» 
which  is  hi-atcd,  and  thiTfby  expundrtl,  a>;r«'ndiii}T-,  while  the  colder  and 
heavier  portinn  sinks*.  The  conmmnicntion  of  heat  from  the  upper  to  the 
low(!r  part  of  a  liquid  taken  place  so  slowly,  tliat  Uumford  absolutely 
denied  the  existence)  nf  c^nductiiif?  power  in  boilies  of  this  class;  it  has, 
howevtT,  been  shown  to  exist  in  them  hy  Thomson.  Murray,  and  Dalton 
{Gilb.  14,  12!>,  liJH,  atid  184*);  and,  according"  to  De.spretz,  tlie  conduc- 
tion of  lieat  in  liquids  taken  place  according-  to  tlio  same  law  as  in  solids. 
—  Respecting'  the  supfK^sed  slower  coolinj^  of  warm  mineral  waters,  vid. 
Lougehamjj  {A»n.  Chim.  Phtfs.  24,  248),  Schweif^ger,  Ketiss,  and  Seiler 
(.sV/m-.  33,  aK6),  L.  Ginehu'  (Pngg.  7,  451),  Kastner  {Kn.ttn.  Archiv.  18, 
408;  18,  489),  VV'anderlieh  {Wir'tem.  mrd.  Correspond.  liUUt.  1837,457), 
Chevalier  {J.  Chwt.  mtd.  12,  37). 

The  cooling  of  heated  bodies  in  the  air  and  in  gases  is  due,  partly  to 
the  radiation  wltich  takes  as  it  would  in  vacuo,  jmrtly  to  the  immediate 
tranHfcrencx."  of  heat  to  tlie  jiarticles  of  air  «urrouiulhig  tiie  litidies.  The 
latter  mode  of  commimication  is  not  affected,  either  by  the  iiaturi?  of  tho 
sm-face  or  by  the  absolute  temperature,  provided  the  diderence  of  tem- 
perature between  the  heated  body  and  the  surrounding  air  remains  tho 
same  ;  so  long  as  the  elasticity  of  the  air  continues  unaltered,  its  density 
may  vary  in  any  way  whatever  from  change  of  temiKTuture,  without  pro- 
ducing any  alteration  in  the  rate  of  cooling.  On  the  other  hand,  the 
velocity  of  cooling  by  contact  varies  :  L  With  the  ekisticity  of  the  several 
kinds  of  gas — inasmuch  a«  the  diminution  of  elasticit}'  consequent  on 
mechanical  rarefaction  lessens  the  rate  (if  eo<iling  in  a  proportion  which  is 
diflVreut  in  the  different  kinds  of  gas;  2.  According  to  the  nature  of  the 
Rurrotmding  gas — being  greatest  in  hydrogen  (whether  from  the  greater 
mobility  of  that  gas  or  its  greater  cajacily  kiV  heat !)  less  in  oktiant  gas, 
still  less  in  ail",  still  less  in  carbtinic  acid,  and,  according  to  Davy  {Schw. 
2tl,l.'»3),  slowest  of  all  ill  chlorine  gas.  (Similar  results  arc  given  by 
Daltou  in  his  Netr  Si/si.  1,114.)  But  even  when  the  actual  velocity 
changes,  tlio  law  of  co<ihug  by  contact  of  gas  remains  always  the  same, 
viz.,  that  when  the  difference  r>f  tenijierature  is  doubled,  the  velocity  of 
cooling  increases  2"35  fold.  (Petit  and  IJulong.)  Comp.,  iJespretz  {Ann. 
Chim.  Phip.  C,  184),  and  Provost  {Mem  dc  la  Societe  de  Geture,  4,  265). 
— Difiturbatice  of  the  air  accelerates  the  rat:  of  cooling. — The  observatiou 
of  Bookman  that  metals  coo!  more  quickly,  and  charcoal,  earthy  sub- 
Rtances,  ami  liquids  more  bIowIv,  when  heated  in  tho  sun  than  when 
heated  in  the  sand-bath,  deserves  further  investigation, 

G.  Heat  which  enters  into  bodies  expands  them.  Tliis  expansion 
varies  greatly  according  to  the  nature  of  tiie  substance,  not  only  in  degree, 
but  also  in  the  law  which  it  follows. 

•  Thomson,  Nieholaon'a  PhU.  Joum,  vol.  4,  p.  529  f. 
Murray  „  „  vol.  1,  p.  IfiB  and  241. 

Dalton,  Memoirt  of  the  Society  of  Mauehttter,  vol.  &,  part  II.  p.  873  f. 
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All  gases  and  vapours,  e.  g.^  common  air,  oxygen,  hydrogen,  nitrogen- 
carlxmic  acid,  hyclrocliloric  acid,  and  sulphurous  acid  gas,  and  ether- 
vapour  expand  wlioii  heated  from  0"  to  100"  C.  by  0-375  of  their  volume, 
according'  tu  Gay-Lussac  and  Dalton,  and  from  0'364  to  0'365  according 
to  Kudborg-.  The  latter  dt'tornniuitinu  g^ives  an  exjiaiiHion  of  ^-^  for  each 
degree  centigrade  (or  ^rs  f"""  *^^^  degree  P'ali.);  that  is  to  say,  274  cubic 
inciica  of  air  at  0  heoonie  ilb  c.  i.  at  +  1%  27C  c.  i.  at  2',  and  375  cubic 
inches  at  lUO'';  at  274°  thuir  vi>lmue  is  doubled,  at  548  it  is  trebled,  and 
BO  ou.  Ou  the  contrary,  274  measures  of  any  gas  at  0°  suffer  a  contrac- 
tion nf  1  nicarture  fur  each  degree  of  cootijig.  274  measures  of  gas  at  (f 
contract  at  —  20°  to  254  nicaHurcs,  and  expand  at  +  30"  to  3(^4,  at  •\-  Si)" 
to  354,  and  at  +  lOu'^  to  574  nicasurea.  Ib^nce  the  volume  of  a  gas  mea- 
sured at  atiy  given  tcniiK>nitiire  may  Im?  reduced  to  the  VMlume  wliich  it 
would  have  at  any  other  ti'injXTature ;  e.g.  given  100t>  nieawures  at  —  14'; 
reiinired  the  vollitne  at  O""  ?^274  —  14):  274  =  lOOO:  .r  =  1053-8.— 
Given  U\Wf  meitsures  at  +  3C°:  what  is  the  vohinie  at  0'  f  (274  +  30): 
274=  1000:  J' =  884. — Given  10<H>  measures  at  27°:  what  will  be  the 
volume  at  100° T  (274  +  27):  (274  +  100):  :  1000:  x=  1242-5.— Even 
when  till'  heat  is  increased  to  SfWC.  the  expanBion  of  flifferent  gases,  sa 
uf  air  and  hytlrogen,  is  exactly  the  satne.  (Petit  and  Pulong.) — The  ex- 
panHion  of  atmospheric  air  when  heated  from  O'^  to  100*  is  cunstautly  the 
same,  whether  it  1m>  suhjeeted  to  a  ]>ressnre  of  y'y,  ^,  \,  |,  1,  2,  3,  (>,  or  15 
atmoKpheres.  (I'avy,  PhiL  Trtnimd.  1823,  204.)— -C^jmmnn  air,  heated  from 
1(^1)'"  to  low  redness,  expands  from  1  measure  to  2-25,  and  at  a  bright  red 
heat  to  more  than  2'50  nn-asnres.  (Davy.) — According  to  Munck,  rapoura 
heated  to  their  boiling  point  expand  much  more  strongly  than  air. 

^  The  more  recent  experiments  of  Magnua  and  R<'gnault  have  Bhown 
that  the  coefBcient  of  exjfansion  is  not  exactly  the  same  for  all  gaae*. 
The  differences,  however,  are  not  very  considerable,  as  will  be  seen  fTOOl 
the  following  table,  which  gives  the  cxjiansions  of  the  dilTerent  _ 
examined  by  these  philosophers,  between  the  temperatures  of  mcltinj 
and  boiling  water : — 


Name. 


Air 


Nitrogen 
Uydrogoo 

Cfkaogsn 


ExpKDsion. 

Obi. 

0-36C&0 

Rt. 

0  :<6G5 1 

Mg, 

0  3r,f.S2 

Rt. 

0  3(567S 

— 

0:i65(i6 

Mg. 

0-36821 

Rt. 

NAnae. 


Carbonic  oxide 
Carbonic  »cid ... 


Sul]i barons  acid 

*•  n         

Hjrdroclitona  add . 


Cxpanaion. 


0-36667 
03689S 
O'.-)690» 
0'3902» 
03H5h2 
0-3I3H12 


Oba. 


Rt. 

Mr. 
Rt. 


Hence  it  ap]K.'ars  that  the  exjjansion  of  air  for  each  degree  centigrade 
ig  equal  to  0-00;h;t;5  of  the  bulk  at  0"  C.  ;  this  gives  0-(m204  or  j^  fur 
each  degree  of  Falireidieit's  scale. — Regnanlt  also  found  that  for  atroo- 
spheric  air,  carbonic  acid,  and  snljihurous  acid,  the  coefficient  of  expanaion 
increases  with  the  tension  of  the  gas. 

The  laws  commonly  admitted, — viz.  that  the  expan*ion  of  any 
&e/ire«»  «/iVw  Vnnita  of  the  temperature  u  indrpendent  of  the  initial  detuity  : 
thai  all  tj<ue*  hni'e  the  same  coejivient  of  erpangion — are  n-gwded  by  Regnault 
as  true  in  the  limit  onli/  ;  that  is  to  say — they  accord  more  and  more  nearly 
with  the  results  of  observation  in  proportion  as  the  ^^es  are  iu  a  mora 
expanded  stAte.  f 
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99S 


0-0200 

Dftllon 

001887 

Cavetidish 

001848 

LavoUicr  acid 

Laplace 

001813 

Hillstrom 

001801 

Sbuckburgh 

001800 

Petit  and  D along 

001786 

Divine 

001696 

Hoy 

Li^^uids  heated  from  0°  to  100°  C  expand  as  follows : — 

^Valer 00*6B\ 

Satunt«d  Bolution  of  salt ........  0-05(iO 

Oil  »f  Tllriul 0-060U 

Hydroebloric  acid  (ap.  gr.  1-137)..  0'0600 

KUric  acid  (sp.  gr.  1-40) 0  1100  )  5?    Mercury 

.Alcohol  (ap.  gr.  0-817) O'llOO 

Ether OOrOi) 

Oil  of  turpentine O-OTOO 

Fat  oil OOSOOj 

100  measures  of  liqiiid  carbonic  acid  at  —  20°  expand  to  150  mea- 
Biircs  at  +  30.  [Sucli  at  Iciist  is  the  case  according  to  the  assertion  of 
Thilorier  {Ann.  Chim.  PhtfS.  (>0,  427),  that  the  sp.  gr.  of  this  acid  is  O'DO 
at  —  20°  0-83  at  0°,  and  0-60  at  +  30" ;  but  at  the  same  time  he  Bays : 
100  nicasurcs  of  the  mrid  at  0°  give  145  measures  at +  30,  which  is  incon- 
eisteut  with  the  above].  It  is  certain,  however,  that  the  expansion  of 
liquid  carbonic  acid  is  much  greater  than  that  of  gases.  LiJifwific,  sul- 
phurous acid  and  cyanogen  ui  the  liquid  state  expand  much  raoro 
strongly  than  other  liquids,  but  not  so  much  as  cartonic  acid.  (Kern]).) 

Water,  when  gradually  lieated  from  its  freezing  point,  contracts  at 
first,  and  does  not  expand  till  its  temperatin-e  has  been  raised  somewhat 
higher.  If,  therefore,  it  be  at  the  purtieular  tempeniture  at  which  its 
density  is  the  greatest,  it  will  expand,  whether  heat  be  added  to  or 
abstracted  from  it-  This  point  of  niaxunum  denelty  is  placed  by  Datton 
at  2-22°  C-,  by  Blagdcn  k  Gilpin  and  by  Gay-LuHsac  at  S'Sy''  (39" 
Fah.),  by  Hallstrom  at  3-9*  {Potjg.  3-J,  220),  Charles  at  3'99',  Despretss 
at  4",  llo{)e  at  4-35°,  Lefevre,  Gineau  and  Ruraford  at  4*44°,  by  Crichton 
at  5-55°,  and  by  Playfair  &  Joule  at  SU-loi"  Fah.,  or  3-95°  0,  {Chem. 
Mem.  3,  204.)  The  apparent  maximum  deusity  of  water  enclosed  in 
glaas  vesscla  is  not  attained,  according  to  n;i!tiiii,  till  .5"55°,  Iwcause  the 
vessel  expands  when  its  temperature  is  raised  from  0°  to  4'.  (For  Ilall- 
Btrom's  table  of  the  density  of  water  at  different  teinjxjraturea,  vid.  Ann. 
Chim.  Pkifs,  28,  5fi.) 

All  aqueous  solutions  of  salts  and  sinular  substancee  have  likewise, 
according  to  Deflpret?,,  a  maximum  of  density.  This  maximum  is  situated 
BO  much  the  more  I>eluw  4**  as  the  solution  is  richer  in  salt,  and  generally 
even  below  the  terajx-ratm-e  at  which  the  solution  freezes  when  agitated; 
"whilst,  the  liquid,  when  at  rest,  may  be  cooled  below  the  jioiiit  of 
maximimi  density  without  assuming  the  solid  form.  Solutions  of  3"759 
parts  of  the  following  sulistances  in  100  parts  of  water  have  their 
maxima  of  density  and  their  freezing  points  when  agitated  situated  at 
the  following  temperatures: 


Potagh  

Carli.  potaah 

Bulpbato  of  potaisb 
Carlionalc  of  soda. 


Bfoi. 

Fr.  r. 

-6  64* 
3  96 

2  2g 
7  01 

-2  10° 
8  21 

2  09 
2-85 

Sulphate  of  soda 

Common  salt 

Chloride  of  calcium 
Dry  i>ulpbate  of  copper 


Max. 


•  4  33' 

4-75 
3-92 
0  62 


Fr.r. 


—  2  30« 

2  77 

3  92 
1  82 


\  The  expansion  of  liquids  has  lately  been  further  investigated  by 
M.  Isidore  Pien-e  :  the  it'sults  of  his  exfjerimcnts  are  contained  in  a  series 
of  memoirs  published  in  the  Annalat  de  Chtmie  et  de  Ph/sique^  3*  aer,  Tho 
following  table  contains  the  true  and  mean  coeifioients  of  expansion  of 
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UEAT. 


the  several  liquids  exaoiinedi  The  expansioDB  beisg  expressed  by  for- 
roulee  of  the  form 

V  =  1  +  a(  +  bt*  +  c^ 

in  which  t  denotes  the  tcmpcmturp,  and  a,  b^  c  are  constants  to  be  deter- 
mined by  observation  for  each  particular  liquid, — the  true  coefficients  for 
each  temperature  arc  calculated  by  the  formula 

dY 

and  the  mean  coefficieuts  by  the  formula 

V  —V 

— '■— — -=za  +  bt  +  ct* 


SabiUnoM, 

Wood-s|4rit. . . , , 

II  •■' ••• 

FumI  oil 

It  •■••»•«••«•••#« 
••        • 

Alcobol    

ft         •••-•••••-■.#•# 
Dromiilc  of  ethyl    , 

«  n      •  •  • 

Bromide  of  methyl    

"<  n  

Iodide  of  ethyl    

ff  II       ■■>«•«••■ 

M  H  

Iodide  of  methyl    ,....,. 
II  II         ....... 

w  *i  

Butyric  mctliyl-ether 

II  11  •  •  .  ■  ■ 

Butyric  ether 

,t         ,1    <  <  i .  •  1.  •  > . . . 
Acetic  ether    

fr  11  ■.■••.««... 

ri  II  -••.•.t.i.i 

Acetic  methyl  ether 

tt  n  

M  W  ♦  .  .  ,    . 

Terchloride  of  phoaphorua. 

IF  M 

Terbromidc  of  phoaphoras. 
If  II 

■I  f  ' 

Terchloride  of  tiBenic   . . . 

w  »•  .  .  • 

II  w  •  .  .  . 

Bichloride  of  tin    , 

tl  ai        ......,, 

II  II       ....... 

Bichloride  of  titjudam  , . . . 
i*  »        . .  • . 

••  m  » •  •  I 

Chloride  of  liliciom 


Temperaturca,         True  coefficient.         Mean  coefficient 


0  001 
0  001 
0  001 
0  000 
0  001 

0-oai 

0  000 
0  001 
0  001 
0  001 
0  001 
0  001 
0  001 
O'OOl 
0  001 
0  001 
0  001 
0  001 
0  001 
0  001 
0  001 

0  oni 

0  Ml 
0  001 
0  001 
OOOl 
0  001 
0  001 
O'OOl 
0-001 
0  001 
0  001 
0  000 
0  001 
0  001 

0  000 

0  (H'lO 
0  001 
0  001 
0  0(11 
0  flOl 
0  000 
0  000 
0  001 
0  001 


0  '001  088 

0 -001  1«4 

0  000  W7 

0  001  19S 

0  001  set 

0  001  448     781 


0  001 
0  001 

493 

088 

«9S 

M4 

OOOl 
0  001 

2«8 

164 

«S7 
769 

0  001 

337 

186 

0  001 

440 

018 

OOOl 
0  001 

430 
142 

671 

008 

0  001 

0  001 

480 
292 

001 
491 

0  001 

484 

159 

OOOl 

807 

86r 

O'OOO 
0-000 
0  000 

918 
98« 
Ml 

949 

S87 
M4 

O'OOl 
0  001 

140 

iia 

3S8 
945 

OOOl 
0  000 

838 
909 

»68 
479 

O'OOl 
0  001 

14S 
272 

084 
094 
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SubaUooes, 


Chloride  of  lulicium  . . . , 

■  I  n  .  .  .  1 

Bromide  of  Eilicinm    . .  . . 

jr  tr  -  .  *  . 

t9  tr  .  •   •  . 

Chloride  of  acetyl 

I,  i»        ••■• 

)i  >»        •  •  • • 

Bromide  of  acetyl  ...... 

»  II        •  .  <  . 

M  »  •  •   ■  • 

Bromine 

II        

•»        t. ...•.-   ...... 

Sulphurous  acid 

91  M  

Fulphite  of  oxide  of  ethyl 


TcmperatureB. 

True  coefficient. 

Mean  coefficient. 

0-0 

O'OOl 

294 

119 

69  "0 

0-001 

978 

592 

O'OOl 

(63 

687 

O'O 

O'OOO 

952 

573 

100-0 

0-001 

112 

682 

0-001 

031 

167 

1.^3-36 

0-001 

205 

180 

0-001 

053 

126 

-     SO-0 

O'OOI 

031 

043 

O'OOl 

096 

836 

0*0 

O'OOl 

118 

9S2 

«4'D2 

O'OOl 

SdO 

0.55 

0-001 

282 

410 

20-09 

0  -000 

952 

696 

100-0 

0-001 

182 

181 

0-001 

064 

922 

132-0 

0-001 

453 

208 

0-001 

117 

913 

-       7*0 

0-001 

OIG 

027 

0-000 

970 

234 

0-0 

0  '001 

038 

18S 

ea-o      1 

0-001 

318 

677 

O'OOl 

167 

678 

-       8-0 

O'OOl 

810 

947 

O-OOl 

787 

142 

-     25-85 

0  -001 

496 

877 

9  0 

0  -000 

990 

479 

100  0 

0  -001 

257 

739 

0-001 

157 

9ia 

160  3 

0-001 

461 

726 

0  001 

205 

933 

It  will  be  seen  from  tins  t«ble  (i)  that  for  all  the  above  liquids,  botli 
the  mean  and  true  coefficients  of  cxpaQRiciii  increase  with  the  tempera- 
ture ;  (2)  Uliat  for  temperatures  above  0^  the  tnie  coefficient  is  greater 
than  the  mean,  whereas  below  0°  it  is  less ;  (3)  that  the  true  coefficient 
increases  more  rapidly  than  the  mean. 

In  the  following  table,  the  volume  of  the  liquids  at  their  boiling 
ptijnt  is  taken  for  unity,  and  the  chaugea  of  volume  are  given  for  all  the 
liquitia  at  equal  distances  from  their  boiling  {wints.  At  the  head  of  each 
colmnn  is  given  the  boihng  ptunt  of  the  liquid,  together  with  the  baro- 
metric presBiu-e  at  the  time  of  observ-ation, — The  results  detailed  in  this 
table  are  of  esjjecial  importance  in  connection  with  the  equivalent  volumes 
of  the  several  liquidg  ;  sincGi  according  to  Kopp  and  Schriider,  the  equiva- 
lent volmnes  of  liquids  should  be  compared  at  temperatures  equally  distant 
from  their  boihng  jMnnts. 


Number  of 
degTooa 
below 

AceUta  of 

Acetic 

Buiyrftteof 

TrTood  spirit 

Alcohol 

FuBcI-oil 

Methyl 

£ther 

Methyl 

boiling 

*,  P.  M  JO 

a.  P.  78-30* 

11.  P.  \Sl-8' 

B  P.  to-jo 

B.P.JiU' 

AP.loS-l* 

point, 

{Ur.  7&»n'"). 

{taf.HBam). 

(bmr^il  36»-») 

1   0000 

(4«r.  768  Smm) 

(Ur.  74S-9Mai). 

0 

1  0000 

1  -0000 

1  -0000 

1  -0000 

1  -0000 

£ 

0  9931 

0  -9D38 

0  -9032 

0  9923 

0  -9922 

0  '0024 

10 

0'9803 

0  987S 

0-9865 

0-9S48 

0-9846 

0  -9849 

IS 

0-9796 

0  9819 

0  9800 

0  9776 

0  9772 

0  0777 

SO 

0  -9732 

0  9761 

0  -9757 

0  9708 

0  -9700 

0 ♦0706 

25 

0 '9669 

0  -9703 

0-9676 

0  9633 

0-9629 

0  '9636 

30 

0  -9608 

0-0046 

0-9617 

0  -9564 

0  9569 

0  -9569 

85 

0  -9647 

0-9590 

0  -9559 

0-9497 

0  9491 

0  -9508 

40 

0  -9488 

0  9536 

0  9503 

0-9431 

0  9424 

0-9438 

45 

0-9430 

0'9482 

0-9448 

0  -93(J7 

0  -9359 

0-9876 

60 

0-9373 

0  9429 

0  9304 

0  -9304 

0  9296 

0  -9312 

65 

0-9316 

0-9877 

0-9342 

0-9243 

0  9283 

0  9251 

60 

0  -9260 

0  '9325 

0  -9'282 

0'9183 

0-9172 

O'Oifla 

6S 

0  9200 

0  -9275 

0-9241     , 

0  '9124 

0-9112 

0  9133 

70 

0-9226 

0-^192 

0  9065 

0  9053 

0  -9076 

7S 

W 


IM 

iti 

IM 
lU 

110 

125 
190 
lU 

140 
145 


•  -fflTO 

•  -•US 

•  -M«l 
••MM 

•  - 


•  ■HM 
••ftSOt 
t-f85C 


•-•14S 

•  -•••S 

•  -•Ml 

•  - 

•  - 


•  '«*S4 

•-Met 

•  •8S41 

•  -SM1 

•  -STfl 

•  -STSt 

•  -W6S 

•  -•044 
«-800« 

•  S568 


•-MM    I    • 


•-fiOiS 

•  -$&•• 

•-a»a 

•  fnt 


•  -•NT 

•-«»M      •-can 

•  BSSt    I    • 

•-ass  }  •- 

•  ersi      •«nf 


•-srao 

•  -MC1 


•-t;<i 

•  •ttr 

•  MM 

•  «5M 

•-saw 

•  -tiTt 

•  -S4M 


jMtirrf 

Diliiic 

uaumtt 

HjiiaMUidB 

Mnc 

M.r.TtR 

JLf.UP 

• 

S 
10 
15 
SO 

1-0000 
0-90S3 
0-9865 

0-9:«5 
0-97S4 

1-0000 

•  -00S8 

•  -•875 
•-•811 
0  9751 

1-oe^o 

•  -••S4 

•  •86S 

•  •7»6 
0-9733 

l-^OOO 

•  -••M 

•  -•854 

•  -•784 
0-9715 

i-^oo* 

99995 
•  •S5S 

0-9781 
0  9713 

l-OOOOOO 

•  -••nTO 

•-•SISM 

•  -•TTMtl 

•  -•69817 

S5 
SO 
S5 

40 
45 

0-9652 
0»5sS 
0  0515 
0-0446 
0-0378 

0-9691 
0  9632 
0  9572 
0  9514 
0  9456 

0  9672 
0  961S 
0  9552 
0-9494 
0  9437 

0-9«7 
0-9579    ' 
0  9509 
0-943S 

0^«43 
0  9580 
0  9516 
0  9452 
0-9389 

0^1634 
0  -955551 
0  948538 
0  »418«5 

50 
55 
60 
65 
70 

0  9813 
0  9248 
0-9185 
0  9124 
0  9065 

0-9401 
0  9346 
0-9293 
0  9239 
0  9187 

0-93S1 
0  9326 
0-9272 
0-9218 
0  9163 

• 

0-9327 
0  9265 
0  9204 
0  9148 
0-9091 

75 
80 
85 
00 
»5 

0-9007 
0  8950 
0  8895 
0  8840 
0  8787 

0  9105 
0  9084 
0  9034 
0  -8984 
0-8935 

0-9108 

100 
105 
110 
115 
120 

0  8734 
0-86P2 
0  8630 
0  -8579 
0-8527 

0  -8887 

195 

0-8476 
0  8424 
0  8S7S 

• 

• 

• 
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Nuinl«r 

of  dcgrc«H 

below  * 

Chloride  of 

Bromide  of 

Chloride  of 

Bromide  of 

Bichloiide 

Bichloride 

Acetyl 

Aceljl 

Siiicium 

Siiicium 

of  Tin 

ofTiUnium 

^^1 

boiling 
poinL 

/».  P.  84-92° 

B.  P.  IK-fio 

B.  P.  89° 

B.  A  I.VT3«° 

n.  p.  iisio 

0.  P-  IJ80 

^^^1 

W.TeittSnu"} 

[iar.  766-9I1UI.). 

'«<ir.760lniJii). 

(iarjeO  InuB) 

(«ar.7M-lmin). 

{Ur.lViamm). 

■ 

0 

1-000000 

i-oooooo 

1-000000 

1-000000 

1-000000 

1-000000   . 

« 

0-9Q322d 

0994060 

0-991277 

0995575 

0-992962 

0-994194 

^^^1 

10 

0-986610 

00S8S08 

0-982831 

0'99l>872  ' 

0-986047 

0-9«S3y7 

^^^1 

15 

0-980069 

0-982702 

0-974701 

0-986197 

0-979286 

0-982706 

^^^1 

20 

0-973833 

0-977212 

0-967158 

0-981671 

0-972663 

0-977081 

^H 

25 

0-967G53 

0-971801 

0-959631 

0-976969 

0-966173 

0-971 6S2 

^H 

SO 

0-961604 

0-966456 

0-952617 

0-972374 

0-959732 

0-966053 

^^^1 

85 

0-965fl80 

0-961279 

0-945666 

0-967671 

0-953566 

0  960645 

^^^1 

40 

0-949854 

0-£>  5^151 

0-939049 

0-962739 

0-947463 

0-955806 

^^^1 

45 

0-944157 

0-951030 

0-932638 

0-957789 

0-941455 

0-950037 

^H 

50 

0-938579 

0-945978 

0-926407 

0-952951 

0935553 

0-944836 

^H 

65 

0  933080 

0-940980 

0-920327 

0-948163 

0-929760 

0-939685 

^^^H 

60 

0-927671 

0  {156063 

0-914366 

0-943402 

0-924067 

0-934713 

^^^1 

65        ' 

0-922314 

0-031211 

0-908502 

0-938680 

0-918466 

0-029604 

^^^1 

70 

0-917091 

0926421 

0-902744 

0-933992 

0-912956 

0-92471U 

^H 

75 

0-9U907 

0-921710 

0-896944 

0-929340 

0-907630 

0-919844 

^H 

&0 

0-906784 

0-917055 

0-891194 

0-924723 

0-902182 

0-915044 

^^^1 

86 

0-901716 

0-912454 

0-885427 

0-920142 

0-89S918 

0-910309 

^^^H 

90 

0-896091 

0-907917 

0-879813 

0-916690 

0-891691 

0-905638 

'^^^H 

95 

0-891710 

0-903446 

0-873726 

0-911086 

0-886566 

0-901032 

^H 

100 

0-886700 

0-899036 

0-906008 

0-881488 

0-89f?435 

^H 

106 

0-881838 

0894986 

0-902165 

0-876464 

0-892002 

^^^1 

no 

0-87S936 

0-890396 

0-887756 

0-871488 

0-887682 

^^^1 

115 

0-886135 

0-893386 

0-866550 

0-883222 

^^^1 

130 

O'S8904& 

0-861660 

0-878923 

^H 

125 

0-884742 

0-856813 

0-874684     • 

^H 

13!) 

0-880470 

0-851988 

0-870505 

^^^1 

135 

0-876222 

0-847188 

0-866883 

^^^1 

140 

O-a;  20-27 

0-842424 

0*862323 

^^^1 

145 

0-867856 

0-837648 

0-858319 

^H 

150 

0-863717 

^H 

156 

1 

Nojaber 

ofdegreiH 

below 

Terbromidc  Terobloride 

of        1        of 
Phosphorna  Phoephoms 

Terchloridc 

of 

Arecnlc 

Bromine 

SulphuixMu 
wad 

Sulphite  of 
Etb^l 

trailing 

B.  F.  175  a»  1  B.  P.  78MO 

B. P.  mn° 

B.p.esp 

B.  P.  9'' 

B.  P-  lflO-3' 

m^i 

point. 

<»ar.760-i«m). 

(Ut.  761-5ian,). 

(Ut.  ;«  lnuo}. 

(»ttr.760(Wmm) 

(isr.TAg-lgraB) 

(*>ir.T63-76n») 

0 

1-000000 

1-000000 

l-OOOOOO 

IflOOOOO 

1-000000 

]  -000000 

6 

0-995103 

0-992876 

0-994252 

0'993»30 

0-990467 

0-994299 

^^^1 

10 

0-990266 

0983971 

0-988576 

0'987981 

0-987128 

0-937627 

^^^1 

15 

0-986467 

0979272 

0-982970 

0-982146 

0-979060 

0-981906 

^^^1 

20 

0-980705 

0-972667 

0-977434 

0-976428 

0-^71174 

0-976-297 

^H 

25 

0-975982 

0-966444 

0-971967 

0-970822 

0-969925 

0-970500 

^H 

30 

0-971221 

0  900290 

0-966606 

0-966287 

0-964270 

0-904811 

^^^1 

35 

0-966664 

0-964294 

0-961232 

0-959876 

0'95919U 

^^H 

40 

0-962060 

0948443 

0-955061 

Ofl54(V7« 

0-958580 

^^H 

41 

0-05749ff  I  0-942725 

0-96O761 

0-049533 

1    QSi«W<!, 

J 

it 

•8 

IM 
Iti 
IM 

lis 

1S» 

IM 
IM 
IM 
140 
148 

IM 
IM 

IM 


Ml; 

rn*i'K .  «iwias 


MRVTt 

If 

IS 

n 


OSMMO 


•M8S14 


It  will  be  Bcon  from  these  tmblos:  I.  That  a  neufy  eqiul  oontoctfao 
frwn  the  Unlitiff  r»oint  downwmids  is  exhibited  by:  (1.)  Fuael-oil,  irood- 
Hpirit  and  alcohol ;  (2.)  Bromide  of  ethyl  and  bromide  of  methyl ;  (S.) 
ItKlido  of  methyl  and  kididc  of  ethyl  *;  (4).  Acetic  ether  and  acetic 
niuthyl-etlior;  (5.)  Butyric  ether  and  butyric  methyl-ether. 

II.  That  this  equal  contraction  from  the  bofliiig  pmnt  downwards 
d(M;8  not  extend  to  all  groups  of  liquids  containing  a  common  dement 
united  with  diCFercnt  isomorphous  elements  («.  g.  cUoride  of  phosphonu 
and  chloride  of  arsenic),  but  appears  to  be  confined  to  the  ethyl  and 
methyl  series. 

HI.  That  in  each  group  of  Hqnids  the  difference  of  contraction 
increnMNi  constantly  in  the  same  direction,  in  proportion  as  the  tempera- 
ture falls  below  the  boiling  point. 

IV.  This  difference  of  contraction  attains  in  some  cases  a  very  oon- 
sidcrablo  magnitude ;  e.g.  in  the  group  consisting  of  the  bromide  and  dhloride 
of  silidum  it  amounts  to  half  the  total  expansion  of  one  of  these  liquids. 

V.  In  each  group,  the  liquid  which  has  the  lowest  boiUng  point 
expands  and  contracts  the  most.  This  observation  must  not  however  be 
extended  to  liquids  belonging  to  different  groups. 

Kopp  has  also  published  an  elaborate  series  of  reseaidiee  on  the  ex- 

''*'^™*"a^  W*^**  '^^*W*  ^*'  ^  '*'»<*  228;  abstr.  Ann.  Ckem.  Pharm.  64, 
--The  fcillowing  are  the  results  obtained  with  regard  to  the  expan- 
water,  the  volume  at  0°  being  taken  for  unity. 
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Temp. 

Volnme. 

1  Temp. 

Yoluiue. 

Temp. 

Volume. 

0' 

1-ooouoo      1 

14= 

1000556 

40* 

1-007531 

1 

0  09894? 

15 

1  000695 

45 

1  009541 

2 

0-09900S 

16 

1  000846 

60 

1-011766 

3 

0-999885 

17 

I'OOIOIO 

55 

1-014100 

4 

0-999877 

13 

1-001184 

60 

inifisso 

& 

0-!»99883 

19 

1-001870 

65 

1010802 

e 

0-999D0S 

20 

1-001567 

70 

1-022246 

1 

0-999938 

2t 

1-001776 

76 

1025440 

8 

0-999986 

23 

100  IMS 

80 

1-028581 

9 

1-000W8 

23 

1  (102225 

85 

1-031894 

10 

1-000124 

24 

1-002465 

90 

1  -035397 

11       , 

1-000213 

2fi 
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95 
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IS 

1-000314 

SO 

•1-004064 

100 

1-042986 

13 

1-000429 

85 

1005697 

The  expansiona  of  the  other  liquids  examined  by  Kopp  are  given  in 
the  following  table-,  the  volume  of  each  liquid  at  0°  0.  being  taken  as 
unity.  The  densities  {  =  d)  reduced  to  0",  and  the  boiling  {xniiln  under  a 
presRure  corresponding  to  760"""  or  29"92  inches  of  the  barometer  arc  also 
gi^'en  at  the  heads  of  the  respective  columns.     % 
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EXPANSION  OF  SOLIDS.  2.33 

Lead 0-0028*836^  ^,  LaTobicr  *  Laploco 

Iron  wire  000123i04   =  j\^              „ 

Copper 000171733=.  ^i^ 

Bnnwire ^..»..„ 0-00193337  ^  t+t  Smeaton 

Silirer     .._ „ .„ 0'00I908C8   =  ^  I^avoisier  &  Laplace 

Gold „ 0-0(Jla5135   =  j^^             „               „ 

Platinum    „. 0-0009918      =     J„^  Troughton 

Palladium 0-0010000     =  -^^^^  \Volb«ton 

Crystals  not  bclong-infj  to  the  reg-ular  system  exhibit  when  heated  .in  un- 
equal expansinn  in  the  dircctinn  of  their  sixes,  in  cnnaequencc  of  which  the 
magnitude  of  their  anj^lee  hecorties  altered  (Mitseherlieh,  Pogg.  1,  12/); 
10,  137).  Ill  crystikU  ln-loti|j;injtr  tii  the  right  prismatic  system,  tlio 
expansion  ia  difTfrent  in  the  direction  of  all  three  axes ;  in  arragonite,  on 
raisiug  the  temperature  from  0  tt)  10U°,  the  inclination  of  the  lateral  faces 
increaacB  by  2'  46",  and  tliat  of  the  terniuial  faces  dimiuishcB  by  5'  ^y ; 
gypsum  ia,  according-  to  Fresnel  (Jii/fl.  iks  Sc.  Muthem.  1824,  1(10  j  also 
Pogg.  2,  109),  more  expamled  by  heat  in  the  direction  of  tlie  priiicipal 
axes  than  in  tiiat  of  the  latend  axes. — In  crj'strtls  beUmging  to  the  rh<tm- 
bohetlral  system,  the  expaiiHion  is  the  same  in  the  directions  of  the  three 
Bec<:mdary  axes  ;  but  <liffercnt  from  tliat  according  to  the  principal  axis. 
The  obtuse  angles  of  the  primiti%-e  rliombnhedron  of  calcspar  diminish  by 
8^'  wlieii  the  crystal  is  heated  lOd",  and  tlie  acute  angles  increase  by  the 
same  quantity.  Hence  it  may  be  calculated  that  the  relative  expansion 
of  the  principal  axis  (comijared  with  tlie  «econdai-y  axes)  amounts  to 
0*0(1342;  moreover  since,  according  to  Mitscherlieh  and  Diilong,  the 
cubical  expansion  of  calcsi>ar  between  0"  and  100°  is  only  O'OOISJGI,  it  may 
likewise  be  determined  that  calcspar,  when  thus  heated,  does  nut  expand 
in  the  directitm  of  the  secondary  axes,  but  contracts  by  0'00056,  and  that 
the  absolute  expansion  of  the  principal  axis  may  be  estimated  at  UlM)28(j. 
— In  bitter-spar,  tlie  obtuse  angle  of  the  primitive  rhombohedrou 
diminishes  when  the  temperature  is  raised  from  (f  to  100°  by  4'  6";  in 
ferruginous  bitter-spar,  by  3'  29" ;  in  iron  spar,  containing  a  c^jusiderablc 
quantity  of  manganese,  by  3'  31";  and  in  pure  iron  spar,  by  2'  22".  Since 
now,  among  all  these  minerals,  calcspar  forms  the  least,  and  ferruginous 
bitter-spar  the  most  obtuse  rhnnibohedron,  it  follows  that  the  exjiaiiHinri 
in  the  direction  of  the  princifial  axis  does  not  increase  in  the  same  jiro- 
portion  as  the  relative  length  of  the  axis  itself  diminishes.    (Mitscherlieh.) 

The  alloy  of  2  jwirta  bismuth,  1  part  tin,  and  1  part  lead,  expands 
when  heated  from  0"  to  44°  C  ;  wbefi  still  further  heated,  it  contracts,  so 
that  at  56"  its  density  is  the  same  as  it  was  at  0^  and  at  69"  still  greater ; 
beyond  this  temi>erature,  expansioti  again  takes  |>lace  ;  at  S?".')"  the  alloy 
has  once  more  the  same  density  as  at  0°  ;  and  at  94',  at  which  it  fuses,  the 
same  ae  at  44°,    (Erman,  Pogg.  9,  5,^7.) 

For  an  account  of  II.  Schroder's  attemjit  to  discover  a  relation  between 
the  equivalent  volume  and  the  expansion  of  bodies,  see  Pogg.  52,  282. 

^  Messrs.  Playfair  &  Joule  have  lately  made  some  experimcnta  on  the 
expansion  of  salts  and  other  Bolid  bodies.  {Qu.  J.  of  Ohem.  Soc.  I.  121.) 
The  results  arc  aa  follows : 
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HEAT. 


Name. 

Formula. 

Expansion 
for  180*  Fab. 

Copper  {reduced  ijf  hgdrogen)  

Ca 

0005& 

II                       IP                      ........ 

r* 

000767 

Red  oxide  of  irercary 

HgO 

O00.irt02 

Protoxide  of  lead 

PbO 
Mr.»0' 

000796 

Red  oxide  of  mangvueM 

000522           J 

Perotide  of  tin     - 

SiiO' 

0OO172           1 

Sulphide  of  lead  „ 

PbS 

00104.1 

Chlnride  of  potiusiam    

KCl 

BaCi+aiio 

0-010944 

Chl'>ride  of  barium  

0-00987»         -J 

Chloride  of  ammoniasi  .„.......-.._..■ 

NH'Cl 
NaO.NO* 

0-0191            m 

NitT*te  of  ioda  „. 

00128             1 

Nitrate  of  potub 

KO,NO» 

001967 

Ditto       (in  tarje  cryelaU) 

IP 

0  017237 

Ditto       {finely  powdered^)    

It 

0019487 

Nitrate  of  lead              _ 

Pbr),NO» 
BaO.NO* 

000839 

Nitrate  of  baryta     

0-0)4623 

Chlorate  of  potash ,„.. ,.. 

K0,C10» 

0017112 

Oirolnale  of  potash    

KO.CrO* 

001134 

Ditto       {in  fine  tmatl  cryetaU) 

•  » 

0  011003 

Bichromate  of  pot»»h 

KO,2CrO» 

00122 

Bichromate  of  chloride  of  potanitun 

Ktl,2CrO' 

0-015903         1 

Oxalic  acid  

HO.C»(>*  +  2HO 

0027476         1 

OiaUte  of  potash  „.,..„..„^„.. 

K0.C»O'+nO 

001162 

BinoxaUte  of  potaah  ^„....^... 

K0.2C=CM+3HO 

0-011338 

Quadroxalate  of  potaah „.^ 

K0.4COS  +  7HO 

001.S916 

Oxalate  of  ■mmooU  >.. 

NHHXC=<)»+HO 

000^76 

Dinoxalate  of  ammonia ..„ 

NU<0.2C=0»  +  3HO 

0013718 

Quadroxalate  of  ammonia  ..„ 

NH*OJCO'  +  7HO 

0014347 

KO.SO* 

0-01 069  7 

Disnlphate  of  potash  ..^......^.....-... 

KO-SO^+HCSO* 

0-012287 

Salpbate  of  ammonia..~^..~..~ 

NH*O.SO»+HO 

0010934 

Sulphate  of  copper.... 

CuO,SO»  +  4HO 

0-009J2&         i 

0005315         1 

0-00812           1 

Sulphate  of  iron. „.,_ „ 

FeO.S()S  +  7HO 

0  01163          1 

Salnhate  of  manieaia 

MKf),SO»+7HO 
Cu0.80»  -r  NH*O.SO»  4.  6II0 

0*01019           " 

Sulphate  of  copper  and  ammonia 

00066]  11 

Sulphate  of  copper  and  potaah 

CuO.S<y+KO,SCP4«HO 

C-0O9O43 

Sulphate  of  magnesia  and  potash  ... 

MgO.SO»  +  K0.8(V  +  6HO 

0009372 

Chrome-alum  ..„ 

Cr*<>».380»  +  KO.SO*  +  24110 

0  005242 

APO»^80>  ^  KO,SO»  +  2  J  HO 
ZnOllSO*  +  KO,.SO»+  6HO 

0*003683 

Mptute  of  sine  and  potaah ~ 

000823& 

B<ilphate  of  magnesia  and  Mnmonik 

MgO,SO'  +  NH«O.SO»  +  6UO 

0 007161 

Cane  suf^r   ...«. .„„.. 

C'--H"OiJ 

0011140 

Sugar  of  milk 

Ci-H»0« 

00W91U 

Of  tlie  tliroo  Bpociinens  of  salphato  of  copfXT  mcnfioticd  in  the  pre- 
ceding'table,  the  first  and  tliinl  wero  pn'pared  for  t*x]>«'riitu'nt  l>y  iK)Uiid- 
ing  the  salt  fiin-ly  and  presaing  it  hetww-ii  folds  of  bilmlou.s  pajHT.  Tho 
Bcoond  was  in  Hniall  crystalft,  obtained  liy  etirring  the  euiireouH  Bnlutjon 
while  cooling:  it  cotttaitied  ratlur  more  tlian  five  eqiiivalenta  of  water. 

The  exiMinKioii  of  o.\nlic  ncid  appears  to  lie  greater  and  tliat  of 
peroxide  of  tin  Icmh  than  that  of  any  otiier  solid  yet  exaniiuedL     f . 

"ncc  rIttHtie  fluidn  are  in  so  many  renjjects — particularly  with  rr*gard 
nir  combination  in  equal  proportions  by  volume — tho  mf»8t  ui>rmal 
iOOC«  in  exiHtoticc ;  tsinco  they  ftpj)car  tu  possess  no  cohesion,  wUich 
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force  probably  exerts  a  disturbing  action  on  tbe  expansion  by  heat  of 
liquids  and  soiids  j  since  again  they  all  expand  in  tlie  «amo  ratio  between 
the  same  Uniits  of  temperature,  it  may  iu  all  probability  be  finpposed  that 
their  expansion  is  Ukewise  uniform  ;  that  is  to  say,  if  the  addition  of  any 
given  quantity  of  heat  has  produced  an  expansion  of  O'OOl  for  examplci 
the  addition  of  a  pec<iiid  e<jual  (juautity  will  jimducc  an  increase  of 
exactly  O'OOI  ttf  the  first  volume.  This  being  admitttHi,  it  ih  fonnd  that 
all  other  bodies,  when  their  exjiansion  is  compared  with  that  of  air, 
exhibit  a  variable  expansion,  iiiasmncJi  as  the  expansion  jinKluced  in  them 
by  equal  inereineiits  of  heat  ia  greater  at  higher  than  at  lower  teni]>era- 
tures.  If  thfj  increase  in  volnm*;  whieh  different  bodies  undergo  between 
the  temjx-ratures  of  freezing  and  boiling  water  be  divided  into  lOO  equat 
parts  or  degrees,  it  will  be  found  that  when  these  several  bodies  are 
further  heated,  their  exjiansions  will  be  expressed  by  different  numbers  of 
such  parts,  and  in  the  following  proportion  : 


According  to  Duiong  and  Petit. 
Air.     J'lncnTf.     Platittum.     Copper.        Iron. 


100 

100 

130 

151-3 

'iW 

20J-6 

250 

2551 

300 

3MI5 

350 

360 

100 


100 


311-6        328-8 


100 


372-6 


GllM. 


100 


3529 


According  to  Rndbcr;;. 


Air. 


Mercury. 


-  35-1)G 

0 

+  5004 

100 

-  36 
0 
+  50 
10ft 

1&«81 

aoo 

294-73 

300 

Dulong  and  Petit  estimated  the  expansion  of  air  at  0'375  (page  22-4); 
Rudberg  (jahreaber.  19,  44),  from  his  own  exjKirimentB,  determined  it  to 
be  0*364;  this  however  will  not  explain  all  the  fleviations.  {Comp, 
Pambour,  Cmnpt.  raid,  12,  G55 ;  also  P(>f}fi.  53,  234.) 

Expaosion  by  heat  serves  as  the  basis  of  mnst  Thtrmojnetera^  which 
arc  used  to  measure  the  lower  degrees  of  temi)erature  and  of  Ptfrometers^ 
by  which  higher  temi)crat tires  are  indicated.  Since  gases  atul  vapoura 
are  tlic  only  bodies  whose  ex|»ansion  is  unifijmi,  the  ordinary  thermo- 
meters, which  are  filled  with  mercury  or  spirit,  cannot  give  the  true 
temperattire  exactly,  but,  on  the  contrary,  always  make  the  higher  tem- 
peititares  too  great ;  moreover,  they  do  not  agree  among  thcniselves. 
(The  reduction  of  the  degrees  of  a  mercury,  platinum,  copper,  or  iron 
thermometer  is,  to  a  certain  extent,  given  in  the  preeeiSing  tal)]e.)  Again, 
in  using  liquids,  the  expansion  of  the  glass  in  which  they  are  eoTitained 
must  be  taken  into  consideration,  since  it  makes  their  ajiparent  less  than 
their  real  cx|^ansioTi ;  and  suice,  acenrding  to  the  abo%-c  tablt^,  the  ex- 
{Kinsiou  of  g-lass  at  high  temperatures  incrcascK  much  more  rapidly  than 
that  of  gases,  the  error  of  the  mereuriai  thermometer  is  to  a  certain 
extent  corrected  by  this  circumstance.  KeUani  (Bruffti.  Giorn.  15,2(>8; 
IG,  217  and  294)  has  hkewise  shown  that  the  bulhs  of  mercurial  tlier- 
momcters  generally  contract  in  the  ctmrse  of  tune,  so  that  when  they  aro 
immersed  in  melting  ice,  the  mereiirv  stands  from  1°  to  1"  R  above  the 
freezing  jioiut  previously  marked;  an  effect  which — as  observed  liy 
Flatigcrgues  {Ann.  Chim.  P/ii/s.  21,  333)  and  by  Aug.  de  la  Rive  and  F. 
Marcet  {liibL  univ.  22,  265>— may  l>e  attributed  to  the  pressure  of  the 
external   air  on  the  bulb  of  the   thcitnomctcr,  inasmach   as  there  is  a 
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▼acaum  In  the  inBtniment  above  the  mercury.  Vid,  also  Von  Yelin 
(Kattn.  Archiv.  3,  109),  Kamtz  (Schn\  40,  200),  E^n  {Poffg.  II,  276, 
385  antl  517;  13,  33),  Legraiid  (Ann.  Chim.  Phys.  63,  368),  Despreta 
{Ann.  Chim.  Phijs.  61,  312  ;  also  Pogg.  41,  68),  Rud'berg  Pogg.  40,  39,  and 
162),  and  Henrici.  Pogg.  50,  251). 

T  Person  tins  found  that  when  thermometerB  aro  exposed  to  tempc- 

raturcH  above  300''  or  tberealj<>ut,  the  shifting  «if  the  zero  point  is  much 
greater  than  bus  l»ceti  liitherto  HupjKiseil.  Dcsprctz  had  found  it  to 
amount  to  half  a  deprco  in  4  or  5  years  under  fjrdiuary  circumstances. 
PetHon  finds  that  at  llie  temperatureH  just  mentioned  it  Bometimes  reaches 
from  12'  to  17'  iu  a  few  hours.  {Pogg.  65,  370.)  f. 

In  the  cfiminon  Air-thermometer^  the  air  is  enclosed  in  a  g-lass  bulb 
having  a  tube  aitachmi  tu  it,  and  the  tul>e  is  closed  with  a  drop  of  some 
liquid  not  eawily  volatile,  bmcIi  as  oil  of  vitriol.  {Gay-Lussac,  Pogg.  27, 
43.');  Fouillet,  Pogg.  41,  144.) — Iq  the  Differential  Thermometer  or  Pho' 
tometer  tho  air  is  contained  in  two  glass  bulbs,  connected  by  a  tube  bent 
like  a  U  ;  a  small  quantity  of  liquid  contained  in  the  tube  is  driven  back- 
wards and  forwards  aeeordiiigly  an  one  or  the  other  of  the  bulbs  is  more 
strongly  heated,  and  thus  shows  differences  of  temperature,  but  no  exact 
dogroes.  If  one  bulb  Ls  covered  witli  lanip-ltlack,  and  the  other  with 
gold  leaf,  the  former  becomes  more  strongly  heated  by  exix>Hure  to  light 
than  the  hitter,  and  thus  the  instrument  sen-es  to  measme  the  intensity 
of  light.  (Leslie.)  The  dilTorential  thermometer  ivjssesses  still  greater 
delicacy  when  filled  with  ViifKtur  of  ulcolml  iti  contact  with  excess  of 
alcohol  instead  of  air.  (Howard.) — The  Air-pt/rometej-  is  a  hollow  sphero 
of  platinum  lifted  wifh  an  escaiKt-tube.  The  linttcr  the  fire  to  which  the 
platinum  vessel  is  exjiosed,  ilie  greater  is  the  quantity  of  air  driven  out  of 
It,  and  this  is  received  over  water  and  measured.  (Pouillut,  Pogg.  39, 
367;  a.\»<^)  IClemetiljf  de  Phijgiqne  et  (le  Mete'orologie.,  3"'  Ed.  torn  I.  p.  351.) 
—  The  niercimul  thermometer  serves  for  temperature  between +  350 
and — 38°:  the  spirit- tliennomoter  from +  70''  to  the  greatest  known 
degree  of  ©►Id:  for  alcohol  has  never  yet  been  frozen.  —  In  Breguct'a 
MeUtUic  Thermometer,  three  very  fine  strips  of  [ilatifmm,  gold,  and  silver  are 
luid  on  one  another,  and  wound  into  a  sjtiral,  which  becomes  twisted  by 
the  unequal  exjiansion  and  contraction  of  these  metals  arising  from  chaugva 
of  temperature,  and  gives  motion  to  an  iruK'X  .•  this  instrument  servce,  not 
BO  much  for  exact  measurement  of  temtieratures  as,  on  account  of  its 
thinness,  for  the  detection  of  very  transient  changes  of  temperature 
(Ann.  Chim.  Pfit/s.  6,  312 }  more  shortly  in  Srhiv.  20,  465.)— The  Mrtal 
Pyrometer  consists  of  a  bar  of  silver,  or  fur  higher  temperature  of  plati-* 
num,  contained  in  a  tube  of  jwrcelain,  or  of  elay  mixed  with  black  lead. 
The  metallic  bar  exjpamds  more  strongly  when  heated  than  the  clay,  and 
gives  motion  to  an  index  traversing  a  graduated  arc.  { Viii.  Duuiell, 
Qu.  J.  ofSc.   12,  30y  ;  abstr.  ScAw.  32,  4l»7.) 

Reamnur  divides  the  uiterval  t»etween  the  temperatiwps  of  meltinfr 
ice  and  boihng  water  into  80,  Celsius  into  lOO",  Delisle  into  150,  ana 
Fahix'nheit  into  180  equal  parts.  The  first  twc*  place  the  zero  at  the 
temperature  of  melting  ice,  DeUsle  at  the  boiling  jjoint  of  water,  Fahren- 
heit 32'  Mow  llie  melting  fioint  of  itx- :  9°  F.  =  7*5"  D.  =  b"  C.  =  4°  K' 
A  correction  must  be  made  for  the  different  positions  of  the  xero. 

•  Tlir  tcinprmtunr*  giTcn  in  thi«  work  (cicept  when  otherwiM  iprciiillj  nieiiUuned) 
to  tlie  Cculigni(l«  ftcAic. 
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a.                b. 

e.      d. 

e. 

/. 

rR.  =  l-26'C.  =  2  25»P. 

1' 

C 

-O-S-R.^IB' 

F. 

1° 

F 

=0-55' C 

.  =  0-44''R. 

2   =-2-5    =4-5 

2 

=  1-6   =36 

2 

=  1-11 

=  0-88 

3   =3;5   -=0-75 

3 

=  2  4    =5-4 

3 

=  1-67 

=  1-33 

4 

=  3-2   -7-2 

4 
5 
6 

7 
8 

=  2  22 
=  2  78 
=  3  33 
=  3-89 
=  444 

=  1-77 
=  2  22 
=  2-66 
=  311 
=  3-55 

llnw  many  degreos  Fall.  =  273"  Ce.ls.  t  Aocorditip  to  the  talilc, 
270°  C.=  518°  F.;  the  3'C.  ovor  ai-c  c-juat  I'y  rf-  to  5-4'' Fall. ;  ami  llicsc 
added  give  518°  +  5*4"  =  523'4  Fab. — How  many  degrees  of  Cela. 
=  676"  Fah.  t  By  tlio  tiil.le,  071°  F.  =  355"  0. ;  and  by  d.  5°  F.  =  2-78°  C, 
tlierefore  together  67  T  F.  =  353''  +  2-7H''  =  357-78"  U. 

Wedgewood's  PjTometcr  dopendu  tijxni  the  contraction  of  cyhnderB  of 
clay  at  liigh  temficraturea.  The  firnt  dogroe  W.  correBjvonda,  acci  irding 
to  WedgewoiKl,  tn  598^  t\,  and  each  degree  W.  is  etinal,  according  to  the 
same  authority,  to  72"^^.  According  to  Gnyton-Morvean,  on  the  other 
hand,  the  first  degree  W.  corrcRfMiiids  to  270"  C,  and  esich  degree  AV.  is 
equal  to  ouly  34°  C.  Tiiis  pyrorueter  aj>|K;ar8  to  give  but  very  uncertain 
iiidicatiitiis,  the  inaocunicy  ariHiiig  chiefly  from  this  circumstance — that  the 
clay  cylin<lerfl  contract  as  mncli  at  a  Vnv  red  heat  continued  for  some 
time  aH  at  a  more  powerfid  heat  Bustaiued  ibiit  for  a  short  time. 

Prinscp(^4'm.  i'him.  I'/n^.  4\,  247)  njakes  alloys  of  silver  and  gold, 
ten  parta  of  wliich  ci>ntaiii  1,  2,  3,  4,  5,  G,  7,  8,  or  9  parts  of  gold  ; — and 
for  very  high  tem|JcratureH,  alloys  of  gold  aud  platinum  cfmtaining  &9, 
98,  97,  &c.  \>CT  cent,  of  gold ;  they  are  made  into  llattened  buttons. 
These  alloys  he  i>l:vce8  in  separate  cupels  in  the  fire  wliose  strength  is  to 
be  detcnniriied,  aud  aacertaina  which  of  them  arc  fused.    From  a  compa- 
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rative  estimation  with  an  air-pyrometer  made  of  gold,  it  appears  that 
silver  melts  at  999^ (J;  9  parts  of  silver  and  1  of  gold  at  1049  ;  8  silver 
and  2  gold  at  1070"";  6  silver  with  4  ^nld  at  1091)^;  and  3  silver  with 
7  gold  at  1379°.  An  alloy  eoiitaiiiing  30  parts  gold  and  70  platinum  is 
lafusible  even  iu  tbu  strongest  blast  furnace. 

7.  Heat  imparts  to  many  ponderable  bodies  particular  colours  whicii 
▼ary  according  to  the  quantity  of  heat  contained  in  the  bodies.  Wlienover 
such  bodies  are  heated,  they  assume  a  colour  different  from  that  whicli 
distinguishes  tlieJn  in  tlie  cold ;  but  on  cooling  again,  tlie  original  colour 
re-apiwai-s.  This  change  of  colour  is  not  accompanied  by  any  cheimcal 
change. 

This  apjiearance  is  presented  by  the  following  liquids,  and  by  tbc 
under-mcntiont'd  solids  iu  the  state  of  powder. 

Sulphur,  whicli  at  ordinary  temperatures  is  pale  yellow,  acquires  a 
browni.sh  yellnvv  colour  when  heatod  just  below  its  melting  jxunt. — 
Ilyjwnitric  acid  is  colourless  at  —  2(/,  pale  yellow  at  0°,  orange  yellow 
at  +  20",  aud  its  vapour  luecomea  darker  the  hotter  it  is. — Titanic^  tau> 
tulic  and  molybdic  acids,  which  arc  white  at  commou  temperatures, 
of  a  lemon-yellow  colour  when  they  are  boated ;  leraon-ycUow  tunj 
acid  becotnes  orange-yellow  wheu  heated, — ^green  oxide  of  chroinium 
becomes  brown, — orange-ct»loured  clu-omic  acid,  red, — i)ale  gi'ey  anhytirous 
tersuljjhato  of  chromiuni,  [K'ach- blossom  colour, — lemon-yellow  noutral 
chromate  of  potash  or  soda,  aurora-coloured, — orange-coloured  bisulpliido 
uf  arsenic,  red  brown, — lemon-yellow  tersulphide  of  arsenic,  of  a  colour 
varj'ing  froiu  orange  to  red  brown, — white  oxide  of  antimony  and  white 
antJnionious  acid,  lemon-yellow, — pate  yellow  antimonic  acid,  brownish 
yotlow, — lemon-yellow  oxide  of  bismuth,  of  a  colour  varying  from  orange 
to  red  brown, — veiy  |>ale  yellow  oxide  of  zinc,  lemon-yellow, — orange 
yellow  Hulphide  of  cadmium,  first  bnAvnish,  then  crimson  red, — yellowish 
white  pertixide  of  tin,  orange-yellow, — yellow  oxide  of  lead,  brown-red,— 
Bcarlet-red  miniuni,  violet-coloured, — yellow  cliromatcof  lead,  brownisli, — 
brown-reJ  pi'iuxide  of  iron,  dark  brown, — colourless  aqueous  solution  of 
acid  peniilriite  of  imn,  redtlish  yellow, — red  aub-oxide  of  copper,  browniali 
grey, — bniwuish  hhick  protoxide  of  cop|XT,  deep  black, — brick-red  oxide  of 
mercury,  brownish  black, — snirlet  cinnabar,  carmine-red, — white  proto- 
sulphate  of  mert-urj',  tirst  yellow,  then  red, — yellow  basic  protonitrate  of 
mercury,  red, — and  yellow  di-iodide  of  mercury',  red. 

Elevation  of  temiwraturfe  then  always  imparts  a  darker  colour,  and 
generally  yellow  or  brown.  Srhunbein  {Pogg.  AT>^  263)  suggests  that 
heat  may  pr<^liiee  an  incipient  decomposition,  which  however  does  not 
go  so  far  as  the  separation  of  any  of  the  elements;  thus  red  oxido  of 
mercury  may  when  heatcnl  assume  the  brciwn-black  colour  of  the  BulK>xidc 
fmm  losing  a  part  of  its  oxygen,  which  however  is  retained  in  a  peculiar 
manner  in  the  niass, — and  so  forth.  It  is  not  however  every  clian^  of 
colour  tliat  will  accord  with  this  hypothesis. 

8.  The  heat  which  diffuses  itself  through  ponderable  b«idie8  accumu- 
lates in  them  in  quantities  which  differ  acc«trding  to  thcu-  j>eeuliar  nature, 
trhctlier  wo  comfwire  them  with  regard  to  weight  or  volume.  Different 
bodies  require  different  ipiantities  of  heat  U)  raise  their  temi>eratURi 
Moally,  and  disengage  unequal  quantities  of  heat  in  cooling  througli  th« 
same  number  of  degrees  of  temjx?rature.  This  different  Capacity  of  bodicfl 
for  heat  is  called  Sptcific  Ifetit  when  the  bodies  are  comi»ared  with  regard 

wcighU  ftJ'd  Relative  Heat  when  they  are  compared  with  n?ganl 
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to  vulume.    The  Bpocific  heat  multiplied  iuto  the  specific  gravity  gives 
the  relative  heat. 

When  bodies  of  different  temperatures  and  different  capaeitiee  for 
heat  are  mixed  together,  the  tcmi»crat«rc  of  the  mixture  is  not  the  mean 
between  the  temfieratures  of  the  individual  subetaivces.  Equal  weights 
of  bodies  equally  heated  or  equally  eonlcd,  but  of  different  capacities  for 
heat,  raise  or  lower  the  temperatiu-e  of  a  given  quantity  of  water  through 
different  numbers  of  degrees.  Or  they  melt  unequal  quantities  of  ice 
at  t"l".  Spheres  of  equal  size  and  equally  heated,  but  of  eubstanees  having 
different  capacities  for  heat,  require  different  times  to  cool  to  the  same 
pfjint  in  the  same  medium — the  radiating  power  of  the  Burfaces  being 
cither  accounted  for  or  made  the  same  in  all.  Gafies  encloRcd  in  a  mano- 
meter placed  ill  a  warmer  medium  require  different  times  to  produce  in 
them  the  same  atnoiiut  nf  expanaion  by  heat.  Tliu  first  of  these  metliods 
waB  adopted  by  Wilke,  Crawford,  Kirwan,  Daltoii  and  Potter;  the  second 
by  Delaroche  &,  Be'rard,  Avogadro,  Neumann,  Kegnault:  the  third  par- 
ticularly by  Lavoisier  &  Iiiiplac<?  with  their  ailaiimcter ;  the  fourth  by 
Mayer,  Biickmann,  Petit  &  Dulong,  Hermann,  De  la  llive  &  Marcet ; 
the  fiftli  by  Dc  la  Rive  &  Marcet,— for  the  determinaticm  of  the  specific 
heats  of  bndies. — Moreover,  with  n^gard  to  the  sjK-cific  heats  of  gases, 
Dulong  availed  himself  of  the  velocity  of  soimd,  by  causing  the  gases  to 
blow  into  a  flute  and  determining  thi;  pitch  of  the  sound, — and  Suermann, 
of  the  cooling  produced  by  the  evaporation  of  water  in  a  stre^  of  the 
gas. 

Specific  Heat  of  Elastic  Fluids  at  the  ordinary  Pressure  of  the  Atmoitphere. 


Specific  Heat. 
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0-2500 

1-0000 
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Clement  &  Dt-sornies. 

^ 

0  2UG9 
0-3046 

De  la  Roche  &B^rtird. 
Huertnnnn. 

OxTcen  ns ,. 
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07328 
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0-8470 
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0-3123 
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Snermann. 

1  0239 
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i-oeo2 

I '0000 
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De  la  Roche  it  Berard. 
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0-6557 

10000 

HayVraR. 

0-2124 

0  C92S  1 

10655 

Suermaun. 

*  Thia  nomber  cannot  be  right;  for  1-0293  .  0'97&7  =  1'0043- 
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Dulone.                                        ^H 

0-7827 

11930 

i^niohn.                                         ^M 

0-2369 

0-8878 

1-3503 

U«  la  Roche  &  W-raid.                  ^ 

Nitric  o«id  gas 

09615 

1'7000 

Ut!  la  Ri»e  &  Marott 

AmmoniacaJ  gas 

l'6a68 
0-55I7 

1-0000 
l-OOOO 

^^1 

Cvanairen  rai 

^H 

Uttfiant  gma 

I'OSIJO 

Hnykraft  '^M 
Dulonr.                                     ^^| 

1-3310 

0-4207 

1-5763 

1-5530 

De  la  Ruche  H  U6rard.              ^| 

• 

1-5309 

De  la  Rive  &  Murcet. 

All  {^mra,  according  to  niiyknift,  atid  all  simple  gases  at  least,  ac- 
cording' to  De  la  Kive  &  Jlarcet,  have  the  same  relative  heat:  the 
greater  relative  heat  which  Ilaykriift  found  ui  olefiant  giis  he  attribates 
to  the  inixtiin.'  of  etlier  vupour  wiOi  the  gas.  But  according  to  all  othOT 
obwirvatinns,  this  view  fifKt  promulgated  {GM.  4.'),  321)  but  afterwardfl 
retracted  {Gilb.  48,  392)  by  Gay-LuRsac,  is  very  doubtful. 

If  the  quautity  of  heat  reouiret!  to  ruiHeby  l°the  temiKratiircof  aircn- 
clotM'd  in  a  vesseJ  wilh  rigid  Hides  lie  assumed  =  1*000,  the  quantity  required 
to  (coduee  the  same  me  of  tem|)erature  in  an  eciual  quantity  of  air  con- 
fined imder  tlie  saiHc  pressure,  in  8ucli  u  manner  tlnit  while  the  pressKn; 
remains  eonstant  it  can  expiand  freely  when  lieated,  will  lie  1'421 ;  and 
if  it  be  again  reduced  by  pressure  to  its  former  bulk,  this  quantity  1-421 
of  beat  corresjx>udirig  to  the  increase  of  vohtme  tuiist  l»e  set  free.  A 
distitiction  must  therefore  be  made  lictween  {n)  Relative  Heat  uudcr  con- 
stant volume,  and  (?/)  Relative  Heat  under  constant  pre8«iu-e  (Dulong). 
[The  relative  heats  given  in  the  table  refer  to  &.]  Air,  (»xygen,  hydrogen, 
and  carlj<jnio  oxide  gas  have  (lie  same  relative  heat  under  constant  prca- 
Hure;  henee  it  may  l»e  sunnised  that  they  have  likewise  the  same  relative 
heat  under  constant  volume,  and  therefore  that  they  evolve  the  satno 
quantity  of  heat  when  subjected  to  the  same  pressure.  Carbonic  acid 
gjiH  under  the  same  pressure  shows  a  rise  of  temjx'rature  of  only  0-337% 
nitrous  oxide  gas  of  0-343°,  and  oU'fiant  gas  of  0-240'^.  U  it  tie  ft*iKUU)ed 
that  all  gam-H  when  equally  compressed  evolve  the  Harac  quantity  of  heat, 
thoBU  last  three  gases  must  be  supixjsed  to  have  greater  relative  heat  with 
refen^noe  tn  a  given  volume;  and  this  may  be  reckoned  (assuming  that 
of  a^  =  1)  for  carbonic  aeid  gas,  0-337  :  0-421  =1  :  x  =  1'249  ;  for 
nitrous  oxido  gas  =  1-227,  and  for  olefiant  gas  =  1-754.  To  find  the 
relative  heat  of  earl>onic  acid  gas  with  reference  to  a  constant  pressure 
we  have  the  propfirtion,  1421  :  1-24'J  -h  0421  =  1  :  x=  1-175; 
on.    According  to  these  suppoeitions,  oU  gases  under  the  Parae  pi 
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ami  when  equally  compressed  under  the  same  volume,  evolve  equal 
quiiutities  of  heat;  and  the  rise  of  tern fierat iiro  tlioreby  produced  varies 
inversely  as  tlie  relative  li«:at  of  the  g^iK  referred  to  u  couHtaiit  volume. 

If  the  relative  heat  of  enmmoii  air  at  n-74Uy  nictre  extenial  pn-ssuro 
be  equal  to  1,  thf  relative  heat  of  air  uudcr  a  [jressnre  of  1-OO.jK  met. 
(the  deuflity  of  which  will  he  to  that  i*i  the  furmer  =  1"358U  :  1)  will  Ihj 
1'2360,  aceordiu);-  to  Delaroehe  iV  I5«'ranl, — Avliih;  the  ej>ecUic  heal  nf  this 
condensed  air  will,  according  to  these  mimliern,  be  {-'lify  =  0'U12fi,  the 
P]K"eifie  heat  of  air  at  the  ordinaiy  jires-siire  l»eui«^  sujiixtwed  =  1,  If  the 
relative  heat  nf  air  under  a  jnes.snre  of  0'7')8  met.  be  assumed  =  1,  that 
of  air  at  a  pressure  of  0'H79  met.  will,  aecorditig'  to  Clement  &  Desormcs, 
be  O-0l>:i ;  at  0-189  met.  it  will  be  O-oJO,  and  at  O-O'J.'i  met.,  0-368. 

If  the  epecific  heat  of  air  at  —  Sli'"  =  !,  that  of  air  at  +  52°  will  bo 
1'20G  ;  hence  the  specific  heat  of  gases  mcreases  with  the  temjieratiu-o 
(Gay-Luesac,  Ann.  Chim.  83,  108.  Comp.  Suermann,  Ann.  Chim.  Phys. 
63,  327.) 

In  the  two  tabh'8  which  follow  (pp.  241,  244)  Av.  denotes  Avog:adro, — 
C.  D.  Clement  and  Desormes,  —  Cf.  Oawford,  —  IH.  Dalton. —  l\z.  De- 
Bpretz, — D.  M.  De  la  Rive  &  Marcet, — Us.  Ues6,^Kw.  Kirwan, — Ilm. 
Hermann, — Nm.  Neumann, — P.  I),  Petit  &  Dtdojij^, — Pr.  Putter, — Kg. 
Regnault* 

Specific  Heat  of  Liquid  and  Sidid  Elementary  Bodies,  thit  of  Water  i=  I '0000. 


Dtamood 


i 


Graphite,  rut 

■ art-   

Coke' 


Chnrcoal   gtrongl; 
ignited 


. —     moderately 

heated 
Chftn'oal     from 

su'ar 

from    oil   of 

ItirpentirH!*.,,,, 
I>anip-bliick  .... 
Artimiil  charcoal 
Fhuapborus    .,.., 


[Sulphur . 


elcnium 


0-I192 
0-1469 
0-201& 

o-ioro 

0-2036 
0-2017 
0-20ai 

0-2415 
0-2009 

0-20O4 

0-1532 

01801 
0-2.V70 
0-2fi08 
01897 
0-2U0O 
0-3X50 
018H0 
0-1900 
0-2026 
0-209O 
0-0673. 
00834 
00S37 
00541 
00890 
5-13."iO 
0-0360 
0-0364 


D  M 


DM 


Av 

Us! 

Hin 

pn 

Dl 

R« 

Nm 
Hm 
D  M 
Rg 

Ar 
OM 

A*    ' 


Moljrbdeuum   ... 

Uranium  

Manganese    con. 

taiiiing  carbon 

Arsenic 


Antimony.. 

TcUnrtUDa . 
Bisrautfa    .. 

Ziae 

Cadmium .. 
Tin    


Lead. 


0-0G59 

DM 

0-0722 

Rk 

0-061 D 

ft 

01441 

n0rtO4 

Hm 

008 10 

At 

0-0814 

R« 

0-0470 

Nm 

0  0190 

Hm 

00508 

Rff 

0  0520 

Pr 

0  0515 

R« 

ooyi2 

?D 

0  0270 

Nm 

0  0288 

PD 

0O308 

Rr 

00330 

Pr 

00927 

PD 

00929 

Nm 

00940 

Pr 

00956 

Rk 

oinoo 

Ul 

0'0385 

Hm 

005G7 

Rr 

00570 

DM 

0-0314 

1, 

00515 

Pl>  1 

0-0560 

Pr 

0-0562 

Rff    ' 

0-0709 

Dl    1 

0-029;! 

Pp' 

00299 

Hm  , 

Lead. 


Iroa 


Cobalt 

—  containing 

Nickel    

—  containing 
Copjier , 


Mercury 


S:l*er   .„. 


Gold . 


Platinum  . 

Pul  Indium . 
,  iridium  .... 


0-0314 
0-0320 
0-O400 
01054 
0-1100 
01 130 
0113H 
0-1300 

o-ioro 

01171 
01172 
0-|4d8 
0-1035 

o-ioss 

0-1163 
00949 
0-0950 
00951 
0-0960 
00961 
00318 
0- 13:10 
0-11333 
0-0fj57 
0-0570 
0  0590 
00298 
00324 
0  0.'{40 
0-0314 
0-0324 
0-0593 
003fiB 


'  From  gos-retorbi.     ^  From  .Anthracite  from  Walei  containing  3  per  cent,  of  a«b. 

•  From  cannel  coal  containing  4  —  5  per  cent,  ash.     *  Passed  through  a  rcd-UoV  ^-vA^fc. 
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The  capacity  for  heat  of  any  given  body  increases  with  its  tempera- 
ture. If  the  specific  heat  of  the  foliowinp  substances  lie  determinod,  first 
by  heatinp  them  to  KHJ",  then  plunging  tliem  intt>  cold  water  and  observ- 
ing the  temperature  of  the  water, — secondly,  by  heating  them  to  SiX)", 
and  repeating  the  same  pr<)oe8s,  the  following  differences  of  specific  heat 
will  be  found  r 


Dcated  to 

Iron.     Mercary. 

Zinc. 

Antimony. 

Silrer. 

Copper. 

Platinum. 

Glus. 

100° 

0  1098       OOW 

0-0027 

0050/ 

00557 

0-0y49 

003;<5 

0177 

300° 

01218       0-033 

01015 

00Si9 

00611 

0-1013 

0-0365 

01941 

Those  metals  whose  rate  of  expansion  increases  most  rapidly  when 
they  arc  heate<l,  likewise  incivase  most  in  sjK'cific  heat;  the  relative  heat 
also  increases  in  so  far  as  when  the  expansion  annHuits  to  y^  the 
increased  capacity  for  heat  is  about  ^.     (Duloiig  and  Petit.) 

The  specific  heat  of  cop])er  is  reduced  by  violent  hammering  from. 
0-095  to  0-0;»3f),  hut  raised  again  by  ignition  tu  0-0941)  :  lead  and  tin,  oa 
the  contrary,  which  do  not  increase  in  specific  gravity  under  the  die,  like- 
wise suffer  no  diminution  of  specific  heat  by  pressure.     (Regnauh,) 

%  Rognault  also  finds  that  soft  steel,  the  density  of  which  at  14°  C.  is 
7'8G09,  has  a  specific  heat  of  0-11 R3  ;  hard  steel  of  density  7-7982  has  a 
specific  deal  of  0-1175. — The  specific  heat  of  soft  bell-metal  (80  Cii  +  20 
Sn),  which  lias  a  density  of  8-6843,  is  0-I18G2,  while  the  same  metal  liard- 
ened,  in  wliieh  state  its  density  is  8-5707,  has  a  8[>ecific  heat  of  0-oy58. 
{Po(/g.  6-2,  50.) 

In  the  same  memoir  Regnault  gives  the  specific  heats  of  several  metals 
in  the  finely  divider!  state,  as  determined  by  the  method  of  cooling.  Tl*e 
following  are  tlio  results  : 


SabttoncCf. 


Antimony 

Grnin  tin ^„„ 

IlAuka  lu)  (filingt) 

Zinc  _ „. 

CndnisiB 

Bkmotb   »„ ^..^ 

Artftiie 

Copper „ 

Spongy  pUtinam .....„..., 

Silver  fitingi 

IVecipitnled  silver : 

1.  Vrry  lillic  prelsed  .... 

2.  Mor«  ilroiigly 


SroDKljr  haum«nd  and  tben  mbbsd  , 
More  •trongly 


Specific  Heat  detcrtnmed  by  cooUiif  frpn : 


20*  to  15°.        15' to  10' 


•0e.i24 
(15504 
105602 
1091-23 
rosy 33 
10.1639 
1-09019 
I08S*47 
1-03509 
1-05424 
•05620 

•08535 
1-058  U 
1-05749 
-05609 
•05777 
■OCOfid 
■05f;3| 
05616 


006.167 
0-0j.'i46 
005614 
009252 
0U5969 
003728 
0090S5 
00H918 
003449 
0  05458 
O0S612 

0-08441 
0-05772 
00.^713 
0-05601 
005767 
0  00038 
005671 
0-0M24 


10»  to  5* 


006305 

005477 

0-05651 

0-09142 

005908 

00J7SS 

00V0O6 

0-081! 

0033 

0-054M' 

0  05611 

008519 
0-057S1 
0  05749 
0  056M 
00S793 
0-O6O9.T 
0-O5654 
005650  1 


The  greater  the  atomic  weight  of  any  substance,  the  smaller  vrill  bo 
the  nnmbcr  of  atoms  of  it  required  to  make  up  a  given  sbsolate  weight. 
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Since,  for  example,  an  atom  of  hydrogen  weip-hfl  1,  an  atom  of  sulphur  16, 
and  an  atom  i>f  flilver  108,  a  |)ounci  of  fiul|tliin-  niii«t  contniu  jf  and  a 
pound  of  silver  y^^  as  many  atoms  as  a  pound  of  iiydrngon.  If  then  the 
Bpccific  heat  (eapncity  for  heat  referred  tu  a  given  weight)  of  any  sub- 
Htance  be  nmltiplicd  into  its  atomic  weight,  the  pnxluct  will  give  the 
capacity  for  heat  refenvd  to  a  given  number  of  atoms.  This  lias  been 
done  ill  the  f<>llowing  table,  in  which  the  data  emplt>yed  are  those  of  l)f  la 
Rnrho  &  Bt^rard,  Kog-nault,  Neumann,  and  De  la  Rive  &  Marcet,  ue  given 
in  the  tables  (pp.  23^  and  241). 


Capacitij  for 

Heat  of  the  Atoms  of  Elementary  Substances. 

SatuUnoe. 

Specific 
Hemt. 

Atomic 
Wdgbt. 

Product. 

Subatsnnr. 

Spwific 
Meat. 

Atomic 
Weiglii. 

Product. 

OxTgen  fu 

Uydro^n  gas  ... 
Nitrogen  gu    . 

0-2361 
3-2936 
0-2754 
0-1469 
0-2019 
0-2009 
0-2415 
0  2964 
0  1887 
02026 
0-0837 
0-0541 
0-1350 
00364 
0-0722 
0-1441 
0-0814 

8 
1 
14       , 

6      ' 

6 

6 

6      1 

6 
31-4 
16 
40 
126 
78-4 
95 
48 
27-0 
75-2  i 

1-8888 
3  2936 
3  8556 
0&814 
1-2114 
1  •21)54 
1-4490 
1-7784 
59250 
3-2416 
3-;i480  1 
G-P166  j 
I0-5840  1 
3-4580 
3'4i;o6 
3-«)772 
6']213 

Antimony 

Tellurium     .... 

Biamuth    

Zinc    

00508 
0-0515 
0-0308 
0-0055 
0-0567 
005^2 
00314 
0  1 138 
0  1070 
010(16 
00H51 
0-0333 
0  0570 
0-032< 
00324 
00593 
0-O3G8 

129 
64 

10fr4 
32-2 
55-8 
59 

103-8 
272 
29-G 
2'JB 
;il'8 

101-4 

108  1 

199 
98-7 
53  4 
&8-7 

6-5532 
3  2960 
3-2771 
3-0751 

Graphite 

Cadmium 

Tin    

31839 

Cbarcoal  

3-3158 

Lead 

Iron  

3  25  93 

" 

30951 

Phocphonia 

Hulithur     , 

Cobalt  

3  1672 

Nickel  

3  2146 

St^k'iiiurn 

Conner , 

30242 

Iodine    

HroDQine 

Mercury    

Silver 

3-3766 
6-l(;i7 

XuDnlen 

Gold  : 

6'4i76 

Molybdenum  ... 
Miuguiete  ........ 

Arsenic     

Platinum  ........ 

Patliidium      ... 
Iridium , 

3-1979 
31666 
3-6322 

From  their  exact  detorminations  of  the  sftecifiL'  heats  of  scvenil  element- 
ary bixlies.  Petit  &  Dnhtng  deduced  the  law,  that  the  Ki)ecilic  heat.s  of 
these  bodies  vary  inversely  aa  their  atomic  weightB. — «>•  thutiui  atom 
of  any  si mptle  substance,  whether  its  vohime  be  great  or  Rmail,  has  the 
same  capacity  fur  heat,  and  requires  the  same  quantity  of  heat  to  rai.se  its 
tem|x?ratni-e  through  a  given  number  of  degrees,  as  an  atom  of  any  other 
elementary  Bubstance.  The  exception.'!  which  they  fmnid  to  this  rule  have 
been  for  the  most  [)art  removetl  by  the  latter  observati<»n.ci  of  Hegnault,  as 
given  in  the  pnxM^ding  table.  In  most  snbstnnces,  tlie  j)roduct  of  the 
specific  heat  into  the  atomic  weight  is  nearly  3-2.  Exni-t  iigreenient  ia 
not  to  be  e.\fM?cted,  inasmnc-lj  as  the  8|x*cilic  heat  of  a  body  varies  with  its 
density,  and  undoubtedly  increases  to  a  great  degree  when  the  body 
passes  from  the  sttUd  to  the  liquid  or  gaseoue  state. 

With  regard  to  the  non-gaseous  substances  of  the  foregoing  table,  the 
following  cii-cnrastances  may  be  noticed.  The  deviation  in  the  ca.se  of  man- 
ganese perhaps  arises  from  the  p^re8onco  of  carbon  in  the  metal  examined 
by  Regnault,  and  that  in  tfic  case  of  iridium  from  the  im|)urity  of  the 
metal. — Phosphonis,  iodine,  arsenic,  autimuny,  silver,  and  gold,  exhibit 
twice  as  much  ci^pa(^ity  for  heat  in  tin*  same  numlier  of  atoms  as  most 
other  substances.  This  exception  might  be  made  to  disappear  by  halving, 
as  is  done  by  many  chemists,  the  atomic  weights  of  these  substances. 
But  if  the  atomic  weight  of  iodine  be  reduced  one  lialf,  the  same  must 
necessarily  be  done  with  regard  to  hydrogen  and  nitrogen,  and  then  the 
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ejx'cific  licat  of  those  bodice  would  alsn  be  reduced  one-half.     Moreover, 
tliis  halving'  would  render  the  choinical  fomuiliB  unrieceftsarily  complex. 

The  cupacity  for  heat  of  Uquid  broniiiie  apixfare  to  be  three  times  aa 
great  as  that  of  most  i^leinontfi-,  but  ftorn  the  analopy  between  this  sub 
Htaiice  and  iodine,  it  may  be  snppuecd  that  the  cai«city  of  solid  bromiue  is 
only  twice  as  ^reat  as  that  of  the  majority  of  simple  Bubstances.  The 
capiutity  fnrheatof  carbon  in  the  form  of  diamond  is  \,  m  that  of  graphite 
J,  and  in  that  of  charcoal  about  ^  tlie  ordinaiy  amoant.  These  exceptions 
caiiuot  be  explained  away;  we  cannot  treble  or  quadruple,  uor  even  double, 
the  utnnnc  weight  of  carbon  without  ineurriri^  great  inconveiiieuces. 

Among  gaseous  bodies,  nitrogen  conforms  most  closely  to  the  law  :  for 
the  larger  product  which  it  gives  in  refcralilc  to  the  increase  of  specific 
heat  arising  fr>>m  llie  gaseous  furm.  Ilyilrogcn,  whose  specific  heat  waa 
probably  eHtimated  too  low  by  De  la  Roclut  tSi  Berard,  is  also  in  conformity 
with  th<'  law.  The  atoiuB  f»f  nxygeu,  on  the  contrary,  appear  to  Uavo 
only  half  the  oidinaiy  capacity  foi-  licat. — If  we  supj(C>8e,  with  llaycraft, 
De  la  Rive,  and  ulhcrM,  that  all  siirijile  gascH  have  the  same  relative  beat, 
uiui  that  the  law  of  Kulong  tt  Petit  bnlds  good  without  cx<x"pti(jn, — tho 
law  uf  RerzeliuH  (p.  4.>)  will  be  established,  according  to  which  the  ele- 
mentary •^".iKe.s  all  contain  the  same  number  nf  atoms  in  the  same  volume; 
and  tin-  divisiiiti  (p.  ft',1)  of  pises  into  fj,  2,  and  I-atomic  must  Itt!  considered 
as  incorrect.  Hut  the  prececUng  table  shows  tlmt  exceptions  to  the  law 
of  Dulong  &  IV'tit  occur  even  among  gases.  Indeed,  if  we  merely  ojmjiarw 
oxygen  and  hydrogen  with  one  another,  making  the  atomic  weight  of 
hydr«>g«.t»  =  1,  and  tliat  of  oxygen  =  IG,  tlie  capacity  for  heat  of  the 
atom  i.f  hydntgon  will  be  3-2iii;i«5  .  1  =  :V231M;,  and  that  of  the  atom  of 
oxygen  O'i'.iOl  .  1(5  =  3'777G, — products  which  approximate  pretty  closely 
to  tliose  of  other  substances.  But  if  tbe  atomic  weight  of  oxygen 
be  made  =  IG,  that  of  suljdiur  must  be  increased  to  32,  and  those  of  the 
metals  must  also  be  donblrd,  and  then  their  product  will  not  be  3'2,  but 
0-4;  or  if  the  atomic  weight  of  Bul|thur  bo  ma<le  ■=■  16,  of  oxygen  =  8> 
and  of  bydriigen  =  0\'>,  the  last  two  bodies  will  give  nearly  I'C,  ur  half 
the  pHnluct  given  by  snltihur. 

All  this  being  considered,  it  is  impossible  to  get  rid  of  all  the  excep- 
tions to  the  law  of  Duloug  &  Petit ;  and  sLmx-'  this  law  is  not  uuivorwUly 
anplicable,  it  would  be  useless  to  remove  a  few  only  (tf  the  exceptions  by 
altering  the  atomic  weights,  particularly  when  such  alterations  would 
ontJiil  tjunecessaiy  complexity  on  chemical  formulte.  IJut  these  except i<jua 
bear  a  simple  relation  to  tlie  general  law.  Thus,  if  the  eafww'ity  for  heat 
of  an  atom  of  Hulphiu-,  and  of  most  other  substances,  be  a.ssumed  =  I,  that 
of  an  atom  of  tliarnond  will  be  =  ^,  of  oxygen  =  ^,  of  bromiue,  iodiite* 
phoHjthorus,  arsenic,  antimony,  nilvor,  and  goUi  =:  2.  , 

SiJtci/ic  Jfrat  of  Liqiiiil  and  Solid  Comjiotituh,  that  of  Water  =  I'OOOO. 


Ca^O.  lutunl 
llO,  ice.„ 


YO 


01073 
0-7200 

0-9000 
0-9200 
0-1790 
0'300O 
0-lU9(i 

o-2'«:s» 

0-2700 
01817 


Nm 
C  D 
Kw 
Av 

A* 
D) 

Hm 

R« 
Nm 
llin 


GO 
UO 


MnO 

ZnO... 


SuO 


0-2637 

Hn 

0-0764 

0-1060 

Na 

0-1570 

Rff 

0-1-248 

f« 

01320 

Nm 

0-1370 

U 

0-1410 

At 

Q-148R 

ill* 

0-0»40 

Xi 
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00600 

At 

00609 

R« 

00612 

» 

0-0644 

Hm 

01028 

Kg 

0-1688 

$9 

01870 

Nm 

01420 

Bk 

01460 

At 

0-227 

(!f 

0  0400 

Nm 

0-0600 

At 

0-0818 

Bff 

0-1861 

Hm 

00611 

Nm 

0-0660 

At 

0-1611 

Km 

01678 

Kk 

0  0984 

Hm 

0-1963 

0-2000 

At 

01942 

Nm 

0-1976 

Rr 

01972 

Nm 

0-2178 

R«r 

0-1796 

» 

0-1960 

Nm 

02126 

Hm 

00605 

Bk 

0-1767 

H 

0-1681 

9$ 

0-1669 

Bg 

0-1692 

Nm 

0-1719 

Hm 

01790 

At 

1-1888 

Nm 

0-1918 

Bk 

0-1716 

0 

01680 

Hm 

0-1708 

Rff 

0-1724 

Nm 

0-0988 

Rk 

01110 

At 

0-0900 

Hm 

00981 

Nm 

0-1910 

At 

0-2874 

Bk 

0-0722 

Hm 

0-0798 

Rer 

0-1824 

n 

0-1279 

» 

01819 

Hm 

0-1410 

Av 

0-1809 

DM 

0-1820 

n 

00901 

Bk 

4-0968 

M 

0-1300 

Nm 

0-2678 

Hm 

01912 

» 

0-2082 

Nm 

0-2149 

Rff 

0-1888 

w 

Hg»Cl 

KCl 

fnaed 

NaCl 

fused 

Rock-salt.. . 

LCI 

BaCl 

fused 

SrCl 

fused 

CaCl 

fused 

MgCl,  fused    . . . 

MnCl   

ZnCl 

SnCl 

PbCl 

HgCl 

AgCl    

fused 

TiCl*    

SnCF 

PC1»  

AsCP  

KBr,  fused 

NaBr   

PbBr   

AgBr 

Cu-I  

Hg'I 

KI 

fused  

NaT     , 

Pbl      „      

Hgl     „      

Agl     , 

Cu«S,  fused 

ZnS,  Zinc-blende 

SnS,  fused 

PbS,  Galena   ... 

FeS,  fused  

CoS     „      

NiS     „      

HgS,  Vermilion 


AgS,  fused 

FeCuS',  Copper  Pyrites. . 
Fe'S'',  Magnetical  Pyrites 


0-0410 
0-0495 
0-0520 
0-1403 
0-1840 
0-1729 
0-2210 
0-2300 
02140 
0-1817 
0-2660 
0-0780 
0-0896 
0-0972 
0-1199 
0-1102 
0-1940 
0-1642 
0-1946 
0-1425 
0-1362 
0-1016 
0-0664 
0-0689 
00690 
00716 
0-0844 
0-0911 
0-1914 
0-1476 
0-2092 
0-1760 
01132 
0-1384 
0-0533 
0-0739 
0-0687 
0-0395 
0-0657 
00819 
0-0868 
0-0427 
0-0420 
0-0616 
01212 
0-1146 
0-1280 
0-0886 
0-0460 
0  0509 
0-0627 
0-0530 
01867 
0-1261 
0-1281 
0-0480 
0-0612 
0-0620 
0-0628 
00597 
0-0746 
0-1289 
01688 


At 
Hm 

R«r 

Hm 
At 

Rg 
Av 
Dl 

Rg 

Hm 


Kg 
II  m 

Rg 

Hm 
At 
Rg 


At 
Hm 

Rg 


Hm 
Rg 


Nm 

Rg 

»» 

At 

Rg 
Hm 
Nm 
Rg 


At 

Rg 
Nm 
Hm 
DM 

Rg 

Nm 
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Fe^8',  Magnetic  Prritea 

Bi-S' 

CS- 

lioS',  natural 

AbS" 

SnS-,  Mosaic  gold 

FeS^j  Iron  Pyritea  , . . . 


White  Iron  Pjrritea 

AjiS»,  aaiunU 

8b3» 

• natural, , . . . . 

PeU«8',  natural 

CoAiS*         „       

CoAs 

Steel,  hard   

aofl 

Steel 

Ctgt  iron,  white     ..,,., 

Fine-  metal 

Bniwj  

SnUi 

BnBi 

Sn^Bi'Sb 

PbSb' 

PbSn 

PbSn' 

ri.^lu  Bi 

PbSn-'Bi« 

H^>n 

"b'?^-'  

ll/l'b    

KO.HO 

CaO.HO   

ArO\3HO   

FeO'.SHO  

KO.CO,  dry 

■         fused    

NaO.CO-',  dry 

fuBod    

BaO.CO^  catural 

StO.CO'.  natural 

artificbd  ...    

CaO.CQJ,  arUficial 

loelaod  apar    

—  Calaiiiar 

(tatoarr  marble  . . . 

chalk   

— —  Anagooite 


0-1602 

Rff 

ootsoo 

OIJIOO    ' 

Hai 

C)-3'2SO 

DM 

01007 

^, 

0-1 067 

Nra 

oiaaa 

Kk 

0-1  Jll 

Nm 

0-1 1&3 

% 

0-1275 

Nm 

(liSOl 

Rk 

0-1350 

Av 

0-13li(3 

DM 

0133-2 

Nm 

0'10$0 

At 

0-II32 

Nm 

0124-i 

Hm 

0-0S4t) 

Kff 

0-0907 

Sm 

0-09»5 

Hm 

0-1286 

Km 

0-1012 

Nm 

o-ioro 

0-0920 

0-1024 

Pr 

0-1080 

0-1185 

R« 

0-1298 

f> 

0-1273 

0093« 

0  0100 

00450 

O-OWl 

II 

0  0388 

0  0  407 

0-0451 

0-0448 

00«08 

^ 

007  2B 

00<}59 

oo;i83 

03580 

Av 

0-8000 

U 

0  4000 

Dl 

0-4200 

Av 

01880 

0-2870 

If 

0-2142 

Bk 

0-80«0 

Av 

0-27«7 

Rs 

0-1078 

Nm 

0-1104 

Rk 

OH45 

Nm 

01448 

R<; 

0-2030 

At 

0-2700 

Dl 

0-208« 

R« 

0-1945 

Urn 

0-2046 

Km 

0-2158 

R*c 

011148 

0-2018 

Nm 

0'208C 

Bg 

MjfO.COv  natural 

CaO.CO'     +     MgO.CO 
Bjtler  apar  ,,,.,..., 

Dolomite    

rbO.L'O-.artiacial 

Lead  spar 

FeO.C'O'.  natural 

Chrj'notile 

Zircon 

Topaz 

Zwgite 

Augite 

Diopside. 

Basal  (io  Hornblende . . . 

Aclinolite 

Tromolitc 

Adiilaria 

Onliiiary  Kelapor 

Albite' 

Labrador  

GIbm 

Flint  glass 

iscriiie 

KO.IlO'.  {aa>A 

NaO,UU»    , 

Pl.(J.Ri>-i    , 

KO,2B<J>>    „     

.NiH.>,2H(>\,     

PbO.-JBU'  „     

KO.tW     

KO.SCrOJ 

HO.S<P 

KO.SO» 

fuaed 

NaO,80» 

dry , . 

BaO,.SO*,  natural 

SrO.SO\  natural 

artificial    

CaO.St^".  natural 

ignited  , 

MgO.SO'  ignited 

PbU.SCP 

italural 

ZnO.sfH.  dry 

FoO,SfH> 

CuO.SO' 

Apatito   

SI'bO.PO'.  fused    

2Ko,P(V.       „       

2NaO.Po'      

aPbO.PU*      „       

OaO.PO' 

3Pb().AaO»    „       

C«0.AbO»       t,      

KO.CIO*        -      

KU,NO* 

fuxfld , . , . 


0-2220 

0-2179 
0-2174 
0-0860 
008U 
00818 
01 820 
0-1934 
0-20S« 
014^6 
0-2018 
01940 
01937 
0-1906 
01970 
0-2046 
0-2070 
018«1 
0-1911 
0-1961 
0-1026 
01977 
0-1900 
0-1762 
0-2049 
0-2571 
00905 
0-2197 
0-SSM 
01141 
01850 
0-1804 
0-8400 
0-8600 
0-1690 
01901 
0-2311 
0  2680 
01088 
0-1128 
0-lSfia 
0-1428 
0-1854 
OlUOO 
0'l9il(S 
0-2216 
0  0872 
0-O^■48 
0-2180 
0-1 450 
0-1800 
01787 
0-0798 
0-1910 
0-228S 
00821 
0199S 
0-0728 
0-lS«S 
0-20»« 
0-2690 
0  28S7 


Km 


Bs 
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NaO,NO» 

fused 

BaO,NO» 

8rO,KO» 

AgO,NO»,  fused 

C»0,80»,2HO 

Aqneous  Hydrochloric  acid 
sp.gr.  1-168 

HO.NO»    

2HO,NO» 

Aqueous  nitric  »cid,  sp. 
gr.1-36 

AqueouB  Nitric  acid,  sp. 
gr.1-2 


0-2400 

Av 

0-2782 

% 

0-1334 

Hm 

0-1528 

Rg 

0-1688 

Hm 

0-1485 

Bk 

0-2728 

Nm 

0-3020 

At 

0-6000 

Dl 

0-4450 

Hs 

0-6100 

» 

0-6300 

Dl 

07600 

» 

Solution  of  ammonia,  sp. 

gr.  0-948  

Alcohol 

Alcohol 

Ether 

Volatile  oil  from  oil-gas* 

Boek-oil 

Oil  of  turpentine 

Olive  oil 

Whale-oil 


0-0300 
0-6220 
0-6320 
0-5200 
0-6500 
0-4750 
0-4930 
0-4248 
0-4620 
0-4720 
0-4880 
0-5040 
0-5200 


Dl 
Bz 

DM 
Dz 

DM 


Rg 

Dz 
Kw 
DM 


The  specific  heat  of  a  compound  is  diminished  by  increasing  its  den- 
sity; thus,  peroxide  of  iron  and  protoxide  of  nickel  have- their  specific 
heat  diminished  by  strong  ignition.  (Regnault.) — Dimorphism  appears  to 
exert  no  great  influence  upon  specific  heat ;  e.  g.,  in  calc8i)ar  and  arrago- 
nite  ;  in  common  and  white  iron  pyrites.  (Neumann.) — The  specific  heat 
of  water  at  0°  is  to  its  spedfic  heat  at  100"  as  1-000  :  1-0176.  (Neumann.) 

IT  Regnault  in  the  memoir  before  referred  to  {Pogg.  62,  50)  also  ^ves 
the  specific  heats  of  the  following  Uquids,  determined  by  the  method  of 
cooh'ng : 


Liquids. 

Mean  Densities. 

Specific  Heats. 

20''....16» 

16-. ...10" 

10»....6' 

20»....16'' 

16°  ...10° 

16° .. .  6" 

Mercury 

18-638 
0-8564 
0-8518 
0-8888 
0-8838 
1-2054 
1-4884 
1-7822 
2-2868 
1-6911 
1-2676 
07186 
0-8868 
1-9848 
0-8072 
1-0898 
0-8180 
1-4682 
1-6793 
1-0636 

13-670 
0-8606 
0-8668 
0-8921 
0-8887 
12107 
1-4983 
1-7403 
2-2492 
1-6001 
1-2750 
0-7241 
0-8406 
1-9467 
0-8113 
1-0963 
0-8173 
1-4679 
1-6882 
1-0691 

13-682 
0-8646 
0-8597 
08953 
0-8931 
1-2159 
1-5083 
1-7487 
2-2618 
1*6091 
1-2828 
1-7297 
0-8456 
1-9667 
0-8160 
1-1010 
0-8217 
1-4776 
1-6970 
1-0647 

00290 
0-4267 
0-4501 
0-4342 
0-8932 
0-8449 
0-1904 
0-1828 
0-1416 
0-1991 
0-2206 
0-5157 
0-4772 
0-1584 
0-6148 
0-4554 
0-6009 
0-2163 
0-2038 
0-4618 

0-0288 
0-4156 
0-4424 
0-4325 
0-3865 
0-3478 
0-1904 
0-1802 
0-1402 
01987 
0-2183 
0-5158 
0-4666 
0-1584 
06017 
0-4621 
0-6868 
0-2135 
0-2024 
0-4599 

0-0282 

Terebene 

0-4154 

fMl  of  lemons 

0-4489 

Petrolene    

0-4321 

Benzene 

0  3Dy9 

Nitrobenzene  

0-3524 

Chloride  of  nlidum 

Bichloride  of  titanium 

„             tin 

0-1914 
0-1810 
0-1421 

Terchloride  of  phosphorus  . . 
Sulphide  of  carbon 

0-2017 
0-2179 

Ether 

0-5207 

Hydrosulphuric  ether  

Hydriodic  ether 

0-4716 
0-1587 

Alcohol  

0-5987 

Oxalic  ether 

0-4629 

Wood-spirit    

0-6901 

Hydrobromic  ether  

Chloride  of  sulphur  ........ 

Acetic  acid  (glaeial) 

0-2164 
0-2048 
0-4687 

Renault  likewise  gives  the  mean  specific  heats   of   the  following 
isomeric  liquids  for  temperatures  between  100°  and  15"  C. 


The  moti  Tolatile  of  the  oils  vbich  Faraday  obtained  from  oil-gas. 
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Oil  of  larpentine    0  4672 

Terebone     0-4656 

Tercbilene 0-4580 

Cunphilene     0*451 6 


Oil  of  lemons 0-4879 

-orange 0-488« 

Juniper  uil 0-4776 

Pctrolenfi    0-4694 


Favre  and  Silbcrmaim  {Comptes  rendtm,  23,  ,')24)  and  Andrews  (Qm.  J. 
of  Chan.  Soc.  1,  27)  have  also  detorminod  tlie  sjiecific  heats  of  a  consider- 
ablu  number  of  liquids.  The  results  obtained  by  these  experimento'ra 
are  ^veu  in  th«  following-  table  : 


Liquids. 


Bromine 

Alcohol 

11      >...■•• 

Wood  epirit. , . 

It  •  •  * 

FoBcI  oil 

Ether    

A  my  lie  ether  . 
Acetic  acid  . . . 
Formic  acid  . . . 
Valerianic  acid 
Butyric  acid. . . 


Sp.  Heal. 

Ol>a. 

0-107 

A. 

0-64490 

F.S. 

0-617 

A. 

0-67127 

r.8. 

0-613 

A. 

0-5H728 

F.S. 

0-50342 

, 

0-617 

A. 

0-62117 

F.S. 

0-6O822 

tf 

0-60401 

tf 

0-47Sfi7 

If 

0-41420 

yf 

Liquids. 


Acetic  other  ...... 

Formic  ether 

Oxalic  ether 

Butyrate  of  methyl 

Ethal 

Oil  of  tarpenline  . , 

Terebene    

Oil  of  lemons    . . . . 

Hydrocarbons : 
O'-Ha  B.P.  198" 


fj'*ll'*. 


265* 


Sp.neat.1   OlM. 


0-4!<344 

0-474 

0  4Hfl 

e-457 

0-49176 

0-51600 

0-46737 

0-62409 

0-50233 


0-49385 
0-49680 


P.  S. 


'  In  the  Hubj<)ined  tabic,  the  speciiic  heat,  as  far  as  it  appears  to  have 
Itt'on  correctly  detorniint'd,  is  again  ooinpari'd  with  the  atomic  weight,  aiid 
tliu«  ifie  caiiacity  for  heat  of  i.-t)inpouiid  atoma  is  found. 

Cojiacit;/  for  Heat  of  th«  Atoms  of  Compounds, 


No. 


11 


Sabatiince. 


Specifio 
He«t. 


Atomic 
Wfight. 


Product. 


5019 
5- lift 
5,WU 

5fl»l 
5Vo3 
5-fi67 
18052 
20-982 
l!Ktfi2 

n\m 

11  MM 
lt:t26 
I.i0.s5 
6-«>2 
IVRC 
01»D7 
8338 

sau 

»  »!W 

»5S3 

11784 

ia-7f» 

lov^U 

mm 
mm 


No, 


15 


IG 


Snbfltaace. 


01789 
OSliO 

0-2H50 
OUOU 

(VUlftl 
(Jir,l2 
O'lOlfS 
01l2."i 
013'J2 

(fioia 

i>i!)n 
ouro 

0  2002 
0  17(T<» 
011.12 
U'1381 
«II7.'»9 

ej-«n87 

0-IWI3 

«VI8I1> 
0CH*W 
0<W1« 
0O127 

oivt:*)) 
oiaia 


wSiS  »'-^- 
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No. 

Sabstauce. 

Specific  Atonnc 
Ht«at.     Weijjrlit 

Product. 

• 

No. 

Eubetonco. 

Sm'cific 
Htiat. 

Atomic 
Wi-iglit 

Product. 

as 

Znfi    

0  1230 

4tl-2 

5-929 

2ZrO,SiO« 

ll-lloCi 

916 

18-337 

SnS    

iiosoy 

75 
119-8 

6-370 
6-05W 

43 

KO,BO>    

0  2i)ia 
0-2571 

82 

m 

1(>-8(12 

PbS  

lC-969 

FieS   ^ 

01857 

43-2 

5-862 

n 

PbO.BO'  ..  . 

0-(K«)5 

lki-6 

13267 

Cos 

0-1251 

456 

57U1 

15 

K(),2B0'  

0-2197 

Wis 

25  061 

NiS    

0-lSSl 

o-o-iso 

0'07J« 
0-0600 
a-39!)0 
0-1283 
011«3 
OlWl 
0-1111 
0-1132 

o-oy<>7 

46G 
117-4 
1244 

aeu-s 

38 

60 

01 

fil>-2 
107-2 
123  2 
177 

5811 

C017 

925.^ 

lo&t8 

12-502 

9-8<M 

Hl-85fi 

7703 

11-UlO 

13-9  tfi 

IfVO-VI 

46 
47 
48 
i'J 
50 

61 

Ntt0.2H0'    .. 
Pl.n,2B0»     .. 
Ki.J.CK)'    . 
Kl>,2CHD'  .... 
no,  SO*     . 
KO.SO'    .. 

NnO.SO'  

BttO.SO'    

SK>,SO>    

CiiO.SO'  

Mi:<),SO» 

03382 
01141 
01850 
OIW!*! 

o-3iyo 
01  «n 

0  2311 
01128 
01 428 
0-185t 
0-22H5 

1IKI8 
181-4 

oya 

151-4 
4(t 
87-2 
712 

llfiC 
92 
£8-5 
Cir7 

21010 

HgS  

211  (J98 

fJd 

AitS  

18-370 

97 

Bi«3» 

28075 

88 

CS*    

17- 101 

20 

Mo8« 

U)o7n 

8nS« 

lti-154 

SO 

FeS« 

13152 

»l 

A«8» 

13138 

m 

AbS» 

12-7(H"I 

as 

8hS» 

13-151 

84 

CoAi 

o-ooao 

y2. 

9-«U2 

I'bO.SO'  

OtWJ8 

151-8 

12-873 

S5 

SnBi 

(J-<»400 

1(35-4 

6-OUJ 

52 

3Pb(>,P0» 

o-o7yH 

MMia 

32  KKS 

Ml 

Sn*Bi 

0-O460 
0-0888 

2il-4 
33fi-0 

liMUW 
13- (MM) 

53 

2KO,J'<>»    .    . 
2NaO,P()« 

0-1  !H0 
0-228.'5 

lfi5-8 
1338 

31-<i6S 

»7 

PL«Sb    

3(I-5U} 

38 

PbSn 

0-0407 
0-0451 
0-2KQ 

lfi2-« 

221-8 

«02 

10-003 
U-SiTil 

51 

55 

5r> 

2PbO,PO» 

CoO.IX)'    

SniU.AitO*  .. 

0-0821 
(KU7i8 

2I»5 
990 
450  0 

S»'219 

3fl 

PbSB*   

lO-JXX) 

40 

KO.CO*    

32-8(U 

Xi»(),CO»  .. 

02727 

68-2 

14-508 

67 

KO.AbO*  

0-15(33  ! 

1(12-4 

26-383 

41 

BaO.CfV  .  .. 

0-lllM 

986 

10-885 

KO.CIO*  

W'Umi 

123(i 

25  (W 

SrO,C0«    

0-1448 

74 

10715 

KO,NO»    

(K2387 

1(11-2 

21156 

CaO.CO*  

oawfi 

506 

10-531 

KaO.NO' 

l>-2r82 

8o-2 

2;j-703 

MffO.CCi*  ..  . 

0-2220 

427 

0  17!> 

Ag{).XO» 

0UJ5 

170  1 

21-lW 

PbO.CO*  

0-(l8I4 

138-8 

10-8»1 

58 

BaO.NO>  

(>-ln2.3 

130(5 

I9-8Mt 

FeO.CO' 

(JltlSl 

672 

11-002 

Sr<».N<l« 

ini'fc'SS 

HHi 

17-810 

•12 

2M;^l.Si(3» 

0-3fl5fl 

723 

U-84i 

69 

CaO,SO>,2HO 

0-2728 

8C-5 

23-5tr7 

Neumann  first  ehowed  tliat  atoms  of  similar  stoTcliioiuctrical  composi- 
tion have  the  same  cupiicity  fnr  hoat,  ^.^7.,  metallic  nxitlcs  anclsulpliides, — 
and  salts  <»f  cai-bcmic  and  fiiilphiiiic  acid  ;  and  Ilcguault  isliowfi!  that  the 
eamt'  law  was  fiirthi-r  applicaMo  to  many  <»tlier  series  t»f  compounds. 
Ilerniaun  showed  that  in  certain  metallic  sutjihides,  the  heat-ca(.iticity  of 
the  compound  atom  mig^lit  Ik*  found  !iy  taking  the  sum  of  t!iD  capacities 
of  the  metal  aitd  of  sulphur.  [Cimp.  also  L.  Gmeliti.  (Gehler.  Ph\fsik. 
WorltT-btte/tf  9,  HI,)]  The  law  upon  which  this  is  based  may,  with  a  few 
exceptions,  W  enunciated  as  generally  applicalite  in  the  following-  terms : 
The  simple  atoms  by  wbieh  a  comjxiund  atom  is  forniod,  retain  therein 
the  same  capacity  for  licat  that  they  possess  wlieii  separatt; ;  and  conse- 
quently the  heat-capacity  of  a  com|jourid  atom  is  the  sum  of  the  ticat- 
capacitics  of  the  simple  atoms  which  comix)se  it.  Some  cases,  however, 
can  only  be  explained  by  s«pp<»siiig  th;it  the  heat-capacity  of  certain  sub- 
stances, esp<:;cia!ly  carboji  und  oxygen,  varies  by  simple  muUii>les  acojrd- 
ing  tu  the  compound  in  which  they  exist.  Exact  agreement  is  not  to  be 
expecU?d,  since — as  is  shown  by  the  great  differences  K-tween  the  results 
obtained  by  different  observers — ^it  is  only  in  the  case  of  a  few  substances, 
that  the  sjxjcific  heat  has  been  exactly  determined ; — and  moreover,  the 
sfW'cific  heat  of  the  same  bivdy  varies  according  to  circtinistancce.  It 
must  l>e  especiaily  borne  in  mind  tliat  in  all  cases  when  the  s|>ocifie  heat 
of  a  compound  is  determined  in  the  liquid  state,  tln>  heat -capacity  of  the 
atom  thus  fonnd  is  greater  than  that  which  reHults  fnmi  calculation, — un- 
doubtedly l>ecause,  as  slu»wn  in  the  case  of  water,  the  passage  of  a  l.xidy 
from  the  aoUd  to  tlie  liquid  state  is  attended  with  an  increase  of  sjiccifio 
heat.  Since  then  an  approximation  Ix'tween  the  results  rif  calculation 
and  cxpcrijQcnt  (which  latter  will  be  taken  from  the  foregoing  table  and 
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Mmexed  within  bnckets)  is  aO  that  can  be  Inficated,  we  may  be  allowed 
to  aborten  the  nombera. 

Aooonfing  to  the  taUe  (p.  2^)  the  atlbma  of  moat  ■■Mple  eabstanoea 
here  the  aame  capMity  for  heat,  viz.  8*2; — let  thia  be  called  the  nonnal 
tmpmdtj^ — Carbon  in  the  form  of  diannMid  aeema  to  hare  ^  (0-8)  and 
tmjgea  ^  (1*6)  of  this  nonnal  capacity :  on  the  contiary,  diloiine,  io£ne, 
bmnine,  phosphorus,  arsenic^  antimony,  silrar,  and  gM  (and  judging 
from  the  specific  heats  of  thor  oompoonds,  likewise,  potasanm,  aodram, 
and  lithimn)  have  twice  the  nonnal  capacity,  viz.  6-4.  In  mai^  com- 
pimnds,  however,  oxygen  appears  to  enter  with  2*4  or  f  of  the  nmmal 
capacity,  and  in  ioe  to  possess  the  nonnal  capacity  itsdf :  anulaily,  car- 
bcn,  sutphor  and  nitrogen  amwar  to  posvess  different  o^iacities  for  heat, 
aeoording  to  the  nature  of  the  compound  in  whidi  they  are  fanned. 

l.«2Cn  6*4  +  0  1*6  «  8*0  (7*68). 

2.  n  8*2  +  0  8-2  =  6-4  (6*48). 

8.  Metal  8*2  +  0  2-4  s  5*6  (5*52). 

4.  SMetal  9*6  +  40  (at  2*4)  9*6  =  19*2  (19-66> 

6.  2AI  6*4  +  80  (at  1*6)  4*8= 11*2  (11-17> 

6.  2Metal  6*4  +  80  (at  2'4)=r7-2  =s  18*6  (18*95). 

7.  Metal  8*2+20  (at  1*6)  8*2  =  6-4  (6*59^ 

8.  Mo  8-2  +  20  (at  2*4)  4*8=  8*0  (8*88). 

9.  B 8*2  +  80  (at  1*6)  4*8  =  80  (8*26). 

10.  Metal  8*2  +  80  (at  2*4)  7*2  =  10*4  (9*51). 

11.  Metal  6*4  +  80  (at  2*4)  7*2= 18*6  (14*26). 

12.  8b  6*4  +  40 (at  2*4)  9*6  =  16*0  (158) 

18.  Ca  8*3  -t-  F  6*4 = 9*6  (8*16) ;  accords  bnt  little. 

14.  2Metal  6*4  +  CI  6*4  =  12*8  (12*04). 

15.  Metal  6*4  +  C!I  6*4=  12*8  (12-40). 

16.  Metal  8*2  +  (71  6*4  s=  9*6  (9*81). 

17.  Metal  8*2  +  2  CI  12-8  =16-0  (18*69,  but  Uquid). 

18.  P  or  As  6*4  +  SCl  19*2  =  25-6  (30-36,  but  liquid). 

19.  Metal  64  +Br.  6-4  =  12-8  (12-71). 

20.  Pb  8-2  +  Br.  6-4  =9-6  (9*71). 

21.  2Metal  6*4  +1  6*4  =:  12-8  (130). 

22.  Metal  6-4  + 1  6*4  3=12-8  (13-6). 
28.  Metal  3*2  + 1  64  =9-6  (9*63). 

24.  2Cu  6-4  +  S 3*2  =  9*6  (965). 

25.  Metal  3'2  +  S  3-2  =  6*4  (5-7....6'3).  Thia  large  variation  makes  it 
probable  that  sulphur  enters  iuto  many  of  these  compounds  with  a  smaller 
capacity  for  heat,  perhaps  =  2*4. 

26.  Ag  6-4  +  S  3-2  =  9-6  (9-26). 

27.  2Bi  6-4  +  3S  96  =  16-0  (15*65). 

28.  If  the  carbon  in  this  compound  be  supposed  to  possess  8  times  the 
capacity  for  heat  which  it  has  in  the  diamond,  or  twice  the  normal 
capacity,  we  shall  have :  C  6-4  +  2S  64  =  12-8  (12-5). 

29.  Metal  3-2  +  2S  6-4  =  96  (10-3C). 
80.  Fe  3-2  +2S  (at  2-4)  4*8  =  8-0  (7*7). 
31.  As  6-4  +2S  6-4  =  12-8  (11-9). 

82.  As  6-4  +3S  (at  2-4)  72  =  13-6  (13*95). 
33.  8b  6-4  +3S  (at  32)  9-6=160  (1605). 

84.  Co  3-2  +A8  6-4  =  9-6  (9-04). 

85.  Sn  3-2  +  Bi  32  =  64  (6.6). 

*  These  nnmben  refir  to  those  in  the  fint  oolunn  of  the  table  (pp.  S48,  S49). 
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36.  2Sn  6-4 +  Bi  3'2=9-6  (10*1). 

37.  2Pb  6-4,  Sb  G-4  =  12'8  (13-OG). 

38.  I.ike  3i> ;  31*  like  30. 

40.  KG  (K  G-4  +0  2-4)  8'8  +  CO*  (C  1-C  +  20  at  2'4=4-8)  5-6=: 
14-4(14-5....14-i)). 

41.  Met.  0  (HCfuriling  to  3)  5-6  +  CO*  (according  to  40)  5'6  =  ll-2 
(lO'ol):  not  suflideiitly  tjcar, 

42.  Dfit'S  not  give  a  satisfactory  rt-sult. 

43.  KO  8-8  +  liO*  (jicw>rdiiig  U>  9)  H-0=16-8  (16-e....lC-I)). 

44.  PbO  (according  to  3)  .i'G  +  BO»  8-0=  IS'O  (13'27). 

45.  K0  8-8  +  2BO*  lG0  =  24-8  (24-0....25-7). 

46.  PbOi)-C  +  2BO'  l(;-0=21-(5  (2a-7). 

47-  KU  8-8  +  CrU»  (Cr 3-2+30,  iit  2-4  =  7-2)  10-4  =  19-2  (18-4). 
4«.  KO  8-8  +  2€rU'  20-8=2y-{;  (28-4). 

49.  no  (acoorditig  to  2)  6'4+SO'  (S  3-2  +  30  at  l-G-4-a)  8-0=  U-4 
(17'1):  dtn'8  uot  agree. 

50.  KO  8-8  +  SO*  8-0  =  lC-8  (16-4....1fi-G). 

51.  Met.  0  y-6  +  SO*  8-0=  I3-G  (13-06). 

.12.  3Pb0  (3.5'G)  lG-8  +  1\?  (P  G-4  +  50  at  1-6  =  8-0)  14-4  =  31-2 
(32-4  G). 

63.  2K0  (2.8-8)  17-r,  +  rO»  14-4  =  32-0  (30-5....31-7). 
54.  2PU)  (2.iVfJ)  11-2  +  PO*  14-4 =25-6  (24-2). 
65.  CaO  5-6  +  PU*  14-4  =  2no  (l»-9). 
6G.  3PbO  (3.5-G)  ]6-8  +  AsO»  ]4-4  =  31-2  (32-8). 

57.  KO  8-8  +  AhO*  14-4  =  23-2  (25-4)— .Since  KO,  aO»  and  KO,  NO* 
oxliibit  tlie  same  capacity-,  that  of  ClO*  and  NO',  as  well  as  tLat  of  AbO* 
must  be  14*4:  hence  nitrogen  in  nitric  acid  must  have  twice  the  usual 
capacity. 

58.  BaO  5-6i-NO»  14-4  =  20-0  (17-8...19-9). 

53.  CaO  5-G  +  SO'  8-0  +  2HO  (2.G-4)  12-8=26-4  (23'6):  a  very  con- 
BiderabU'  difference. 

11.  u^cliroder  {Pogg.  52,  269)  proceeds  njH>n  the  same  principles.  He 
likewise  supiKJsca  that  certain  substances  may  posBcss  difTerent  atomic 
heat-capacities  according  to  the  CfiinpuHndB  in  which  they  exist,  and 
brings  this  alteration  of  the  capacity  of  a  substance  into  connection  with 
the  change  in  its  equivalent  voliinjc:  so  that  the  hoal-oapaci(y  of  a  budy 
IB  sinallest  in  that  coitiix^uiid  intu  which  it  enters  with  tin*  Kniulk-Bt  ecpii- 
valcnt  volume  {compare  pj).  73 — 78).  Oxygen,  e.g.  i-ntera  with  a  capa- 
city of  2'4  into  thoBe  conipouiidH  in  which  its  equivalent  voUune  is  2-7 
(atomic  weight  of  oxygeti  =  8),  viz.  conqiouiids  of  1  atom  ijf  njetal  witli 
1  At.  oxygen,  of  2  At.  metal  with  3,  and  of  3  At.  metal  with  4  At. 
oxygen  ;  and  witii  the  capacity  of  1"8  (|  uf  2-4)  into  thoHC  compounds  in 
which  its  vohmic  is  1-35,  viz,  compounds  of  1  At,  nn'tul  with  two  At. 
oxygen.  Similarly,  with  the  comj-MiundH  of  sulphur  and  other  Hubstances, 
as  m\iy  be  seen  more  in  detiiil  in  the  original  memoir. 

It  may  jierhaps  be  regarded  as  certain  that  the  heat-c^ipacity  of  the 
atoms  of  compoundft  must  be  smaller,  the  more  strungly  their  elenients 
are  condensed.  This  is  likewise  seen  (not  however,  in  all  cases)  on  up- 
plying  the  method  of  calculating  conilensiition  givon  oa  page  77.  The 
smaller  the  divisor,  the  gr-eater  is  the  number  of  com]iound  atoms  in  the 
same  space,  and  the  gTeater  therefore  is  the  eoniJeneatiou  of  the  elements 
in  tJie  coini:>oun(l.  According  to  page  77,  the  divisor  for  PeS',  is  U  ;  for 
MoS',  7 ;  for  SnS*,  8 ; — and  according  to  the  table  p.  24l>,  the  heat-capncity 
of  FeS»  is  7-702 ;  of  MoS*,  9-804  j  and  of  SaS»,   10-856.— These  obscrva. 
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tions  on  the  cnrmcction  between  [ho  coiideiisation  and  heat-capacity  of 
elements  in  tlicir  rotiiiMmuflfl  may  suflicc  for  tlie  present  tUl  the  mode  of 
calculating  the  condcneation  nf  elements  in  comixjunds  shall  have  been 
dottnniiK.'d  witli  g'n'ater  uceuracy- 

Avngiidro's  rneflind  of  cjilcnktitig  the  heat-capacity  nf  compound 
atoms  ajipears  to  be  fomided  on  hypotheses  of  too  bold  a  character,  and 
th eref c» re  i i ladmissi Lil c. 

The  capacity  of  bf)dif'8  for  heat  may  Ixy  attributed  to  their  adhesion  to 
that  element;  and  this  adhesion  in  the  attims  of  most  bodies  may  tie  sup- 
posed ti)  be  of  tlu!  same  strenjj^th, — ^o  that  tlioae  atoms,  when  immersed  iu 
an  uniform  medium  of  heat  and  exjiosed  to  the  same  tempcTaturc,  will 
absorb  et|ual  quantities  of  heat.  Shice  the  heat  which  is  attached  to 
bodies  by  adlreKion  and  expanfls  them  lia«  lost  absolutely  nothing'  of  its 
elasticity,  and  leavet*  the  bodies  as  soon  as  the  temperature  of  any  neig-h- 
honrinp  lx>dy  liecomes  lower,  even  in  the  Khfj^htent  def,'-ree,  the  beat  thus 
retained  in  bodies  is  catleil  I'yee,  Uncomhifted  Semibte  Heat* 

Chemical  Relations. 

I.  Combinations  of  Heat  with  Ponderablk  Bodies,  constitxttiko 

Fliids. 

All  ponderable  fluids,  whether  liquids  or  gases,  may  be  regarded  aa 
chemical  ctHubinationH  nf  ponderable  fiub«tanee8  with  a  certain  excess  of 
heat :  in  the  absence  of  lieat,  all  iJondemUe  bodies  would  exist  in  the 
Botid  state. 

Subrttances  which  are  solid  at  comparatively  low  temperatures  assume 
the  liquid  and  gaseous  states  at  higher  temperatures.  With  this  change 
in  their  state  of  aggregation,  part  of  the  heat  becomes  insensible,  both  to 

*  Clemnnt  nnd  Dciorracs  consddcr  tbat  even  a  racuutn  hns  a  certain  capvily  for 
liMl,  and  thcj'  C8lim»te  this  capncily  at  0'4],  that  of  an  cijual  bulk  of  air  bving  nsumed 
—  1.  But  Qay-Lus!<ac  ban  Hhown  that  if  a  Torricellijui  vacuum  he  produced  in  a  tube 
0075  metrcu  in  width,  and  containing  a  delicate  Ihermomcler,  no  heating  or  cooling 
takes  place  on  alt^TUBtcIy  eoutracting  aud  eulargltig  the  empty  opnce  by  oioriug  tha 
mercury  quickly  up  and  down,  unleiw  a  portion  of  air  be  preacnl  {t'onip.  IVeirost,  Amn, 
Chin.  Phys.  31,  4'2ii)-  On  tbe  other  hand,  Clement  and  Degurmea  admitted  air  into  an 
imperfect  vacuum  produced  by  the  air  pump,  and  attributed  the  rise  of  tetnpcralura 
thereby  produced  to  that  port  ion  of  heat  which  was  driven  out  of  ibc  empty  Hpar^i  by 
the  air  wbich  entered.  But  thia  rise  of  temperature  may  be  better  cxplaiiicd  on  the 
BuppoKiLion  that  the  air  titill  cotiiAlaed  in  the  Touel,  aa  well  as  thai  which  fint  cntera,  ti 
comprcHsed  by  the  portion  which  follows,  and  thos  itscpeci&c  heat  'u  diminiahed.  Anc. 
do  la  Rive  k  P.  Maroet  have  also  shown  (Biil.  univ.  22,  2^5)  that  when  a  thermo- 
meter is  placed  in  the  vacuum,  cloae  to  the  opening  at  which  the  air  ontera.  it  sink* 
during  the  &r<it  two  or  three  seconds  when  the  air  cntcre,  atid  afterwatxls  rises,  showing 
that  tb«  air  which  fint  cntera  absorl>s  heat  in  consequence  of  ita  expansion,  and  afUsr- 
wanla  erolfea  it  when  compressed  lij  the  portions  which  subaequently  enter.  The  fol- 
lowing cxperimeut  likewise  gives  a  aimiliir  result.  When  oil-gas,  compressed  to  SO 
atmospheres,  is  made  to  flow  into  a  cylinder  3  feet  long,  and  closed  at  the  further  cud, 
that  en<l  becomes  rcry  warm,  and  the  end  at  which  the  gas  enters  vcrj'  cold  (Qu.  J.  of 
Roy.  Inst.  N.  >S.  '2,  47-1  ;  also  Schw.  .St,  106).— If  capacity  for  heat  be  due  to  the  adhe- 
sion of  heat  to  poudcirable  bodies,  such  capacity  can  scarcely  be  ascribed  to  a  tacuum. 
(Jn  the  otlu>r  hand,  tlic  presence  of  a  certain  quantity  of  heat  in  the  vacoum  cannot  b« 
denied.  For  the  adhcf-ion  of  the  heat  to  the  solid  walls  of  the  empty  space  cannot  orer- 
come  its  expansive  force  to  such  an  extent  as  to  prevent  any  of  it  from  rcmaiuing  in  the 
empty  «p»ce  ;  and  the  hotter  the  walls  arc,  the  greater  will  l>e  the  quantity  of  heat  left 
in  the  free  unahHorlted  *ta(«:  or,  according  to  the  ordinary  view,  the  oppoKit^  walU  of 
tJie  vacuum  emit  ami  receive  rays  of  boat  through  it,  and,  cooseq'irntly,  the  vacuum 
moat  b«  filled  with  th«ae  rays  of  beat,  crossing  each  oilier  in  all  diructiona,' 


tlio  fwliiif^s  nml  tn  thp  thprmometor,  Ix'iiig'  then  iu  a  state  of  chemical 
citinbiiiatiim^  ami  thoroby  deprived,  tu  a  certain  extent,  of  its  ehtsficity. 
When  these  bodies  return  to  their  former  state  of  ag'g'reg'atioTi,  this  portion 
of  heat  is  set  free  and  a^ain  becomes  sensible  to  the  feelhi^s  and  to  the 
thennometer.  The  heat  thus  combined  with  ponderable  lioiHeH  in  tlie 
lirpiid  state  \»  thence  called  Combined  or  Latent  ffeat,  inasmuch  as  its 
tendency  to  equilibrium  is  to  a  certaiFi  extent  overcome  by  the  ailhesion 
of  the  ponderable  suhBtauce ;  likewise  fJeaf  of  Flui/Iiti/,  iuapmueh  as  it  is 
rejcarded  as  the  eaune  of  fluidity  in  [londerable  btidicrt.  It  m  however 
probable  that  solid  bodies  also  contain  heat  diemieally  coniliined  with 
tiiem,  as  will  Ix;  seen  by  II, — It  appears  tlien  that  a  liody  may  contain 
heat  in  two  states,- — 'first,  chemically  conibiuedj — secondly,  retained  by 
adhesion. 

1.    Formdtion   of  Liquids. 

A  solid  body,  situated  in  a  cold  medium  into  which  heat  is  gradually 
intrn<luced,  becomei*  capabli',  whm  the  mt'dinm  hii«  attained  a  certain 
temperature,  of  lixinj^  a  [wirtion  of  tlie  hcaf, — and,  if  subjected  to  external 
pressure,  formn  a  liquid  by  combinin;i;  with  it.  The  t<!m]tt;rature  at  wliich 
thifi  fnfllon  takes  placi' — the  MKitinij  Pnint  aw  it  i.s  c-alfeil, — is  very  differ- 
ent in  ihffcrent  Kubstances.  The  greatt-r  their  affinity  forheaf,  tlic  stjoncr 
do  they  tix  it,  even  when  tlitfused  through  the  medium  in  veiy  small 
quiiiitity;  the  smaller  the  affinity,  the  greater  «nwt  bi' the  quantity  of 
heat  collected  in  and  about  the  bodies  in  order  that  its  exjiansive  ten- 
dency may  be  overcome  by  that  aftinity. — Alcohol  is  liquid  at  —  90', 
mercury  fuses  at  —  40%  ice  above  0%  8uli4nir  at  +  luy°,  many  metala 
below  a  red  heat,  others  not  ti!l  raised  to  the  highest  attainable  tempera- 
ture«,  and  carbon  probably  not  at  any  teni[jerature  hitherto  produced. 
Eence  the  distinction  between  fa»ihi  fi^ihle  and  rcfrantorif  mb^tances — • 
Corjxfra  fusibih'a  and  i-efnictantu  Those  compounds  only  are  infusible 
which  decompose  below  their  melting  ]x>int;  e.  g,  wood. — The  lifiue- 
faction  of  many  substances  is  preceded  by  a  softening  which  renders  their 
partjclirs  cajtable  of  sticking  together::  e.  <j.  the  welding  of  iron  and  other 
metals,  baking  of  porcelain,  softeninpf  of  wax. 

The  melting  piiiut  of  each  iinhvidual  body  is  perfectly  con stairt  :  for 
as  long  as  any  (»f  the  substance  rrimains  to  be  fuseti,  it  renders  latent  any 
quantity  of  heat  wliich  maybe  adiied  in  excess;  and  it  is  not  till  tlie 
fusion  is  quite  complete,  that  a  further  aecessitm  (jf  heat  causes  the  tem- 
perature to  rise.  If,  on  the  contrary,  the  fpianlity  of  ln-at  in  the  sur- 
rounding medium  be  diminished,  the  Iiqui<l  previously  formed  lirst  gives 
up  to  the  medium  merely  that  uncomlined  portion  of  heat  by  which  ita 
tem|X'ratnre  had  been  raised  above  the  meltiuii:  (loiiit;  but  if  the  teni- 
peratiu-e  of  the  medium  ultimately  falls  below  tlie  melting  point,  the  ten- 
dtuicy  of  the  boat  to  difl'use  itself  thniugh  the  surrounding  medium  river- 
comes  its  affinity  for  (lie  solid  tjody,  the  heat  leaves  the  ponderalilo 
matter,  and  the  latter  returns  to  tiie  liqmd  state.  The  temperature  at 
which  a  body  solidifies,  or  the  Freezin(/  Point,  generally  coincides  with 
the  melting  |>oiut :  for  just  as  when  heat  is  communicated  to  a  solid  body, 
the  temperature  of  that  liody  dots  not  rise  above  its  melting  pouit,  till  it 
hag  absorbed  the  quantity  of  heat  required  to  melt  it, — go,  on  the  othor 
hand,  a  liipiid  does  not  generally  cool  fx-low  the  melting  jioint  until  com- 
plet4>ly  solidifit'd, — because,  so  huig  as  any  poiiion  of  ilhc  substance  re- 
mains in  the  hquid  state,  the  abstraction  of  heat  from  without  is  comiK-n- 
Bated  by  tho  convcreion  of  latent  into  sensible  heat.    Nevertheless,  some 
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llqnidd,  e.  g.  ■water,  when  kept  perfectly  at  rest,  may  be  cooled  Bsveral 
degrees  below  the  molting  point,  and  in  many  cases  will  solidify  instAn- 
taneously,  particularly  when  diHturbed,  the  temperature  at  the  same  time 
rising  to  the  mfltirig  [iniiit.  {Vld.  pp.  9,  10.) — Ilespecting-  the  difficult 
freezing'  of  water  in  vessels  exhausted  of  air,  fid.  Aug'ust  and  Kriea. 
{Pogg.  h-2,  184,  and  K36.) 

Pure  water  when  ag'it.itr'd  c^in  be  crxilcd  but  very  little  bctow  the 
melting  point;  but  with  ai|ucou8  solutiims  of  salts,  even  when  they  are 
strongly  agitated,  the  cooling  may  In;  curried  a  degree  or  oven  several 
degrees  bHow  tiio  melting  {>oint, — the  material  (whether  glass,  lead,  or 
cf>pper),  of  which  the  vessel  consists,  appearing  to  have  no  iuQucnoe  on 
the  result.     (Despretz.) 

a.  Quantity  of  salt  disHolverl  in  1000  parts  of  water. 

b.  Maximum  of  cuuling,  before  solidification,  of  a  saline  Bolution  con- 
tained in  a  copper  vessel  surroundfd  with  a  freezing  mixture  and  stirred. 

c.  Melting  point,  or  temperature  at  the  commencement  of  solidifi- 
cation. 


Dry  Carbonstc  of  Sod*. 

Dry  Carbonate, 
of  Sod«. 

Common  S«!t. 

Chloride  of 
Calduin. 

a.              «. 

e. 

ft.              c. 

b. 

e. 

ft.             r. 

6-173"     i;9' 

019° 

121"       O^l" 

0'42* 

0-36' 

1-38*       023* 

12*346         229 

o-j; 

1-53         016 

1-20 

071 

0-63 

LS<-692         2-41 

0  76 

144         0-95 

225 

1  41 

112         103 

^  37039        2-73 

1-16 

2-77 

2-12 

3-92         1-61 

74078         2-2G 

I -26 

5-35 

4-34 

s-sa       3-5« 

1(8156         505 

1-82 

9-83 

9-20 

9-99         8-91 

When  more  than  24-693  parts  of  carbonate  of  soda  are  dissolved  in 
1000  parts  of  water,  the  solution  when  agitated  deixisits  crystals  of  the 
salt  instead  of  ice.  It  is  remarkable  that  the  effloreswnt,  less  solablc 
carbonate  of  soda  hiwcrs  the  freezing  |Miiiit  of  water  more  than  carbonate 
of  fxitaph  ;  ttn  the  other  hand,  the  more  soluble  sulphate  of  soda  lowers  it 
furthe'V  than  8iil|<hate  of  potash.     (Ik-spretz.) 

When  ice  at  (f  tH  tetixed  with  an  equal  quantity  of  water  at  75%  all 
the  ice  melts  and  the  water  produced  has  the  temperature  of  0*.  Con- 
seiiuently,  75  degrees  of  heat  (  =  13;')°  Fall.)  ar(>  a]pHorl>ed  from  the  water 
and  enter  into  a  st^te  of  chemical  conibiuatiou,  in  order  to  convert  an 
eqnal  quantity  of  ice  at  0°  int<j  water  at  if.  If  water  at  0°  bo  mixed 
•with  ice  Ix'low  0%  the  water  freezes, — and  the  tem|w>rature  of  the  ice,  wbeo 
the  right  proportions  have  Ix'eu  observed,  rises  to  0°.  1  lb.  of  ioo  at 
—  7.')*  mixed  with  lib.  of  water  at  0°  would  give  21b.  of  ice  at  0\  In 
this  cast.',  latent  heat  is  set  free  and  raises  tlie  temfwrature  of  the  ice. 

Whilst,  acc<"»rding  to  this  result,  the  latent  heat  of  water  apjH^ars  to  bo 
75°,  that  of  tin  is  <»nly  13-314%  and  of  lead  5-3o8^.  (Rudl)erg,  Pogtj.  19, 
125;  comp.  G.  A.  Erman,  A.  &  F.  .Svanberg,  Despretz,  P^w.  20,  S82: 
26,  201  ;  5*2,  177.)  According  to  the  last-mentioned  olwervers,  latent 
heat,  like  specilic  heat,  appears  to  vary  nearly  in  llie  inverse  ratio 
atomic  weights  of  the  bodies. 

f    De  la   Prov<->6taye    &    Desains    make   the    latent   heat   of 
=  7S»-25  C ;  Regnault  found  it  to  be  79-24  by  one  experiment,  and 
^  another.     The  mean  of  those  results  is  79-2''  =  142-6"  (Fah.) 
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Person  (Pogg.  70,  300;  N.  Ann.  Chim.  Phya.  21,  295;  abstr.  Ann. 
Pharm.  74,  179)  has  determined  the  latent  heat  of  fusion  of  13  sub- 
stances, and  likewise  their  specific  heat  in  the  liquid  state.  The  following 
are  the  results : 

Latent  Heat. 


Substancea. 


Tin - 

Bismuth 

Lead 

Zinc  

D'Aroet's  alloy,  Pb=Sn»Bi»  

Fnsible  metal,  FbSn*Bi 

Phosphoras   > 

Snlphnr » 

Nitrate  of  Sods 

Nitrate  of  potash 

Phosphate  of  soda,  PO»,2NaO,24HO 

Chloride  of  calcium,  CaCl,6H0 

Bees-waz  (yellow)........ 


Latent  Heat  for  the 
unit  of  weight. 

14S" 
12-4 

5-16 
27-46 

5-96 

7-63 

5034 

9368 
62-98 
47-371 
54-65 
45-79 
43-51 


Specific  Heat, 


Snbstences. 


Tm ~. 

Bismuth 

Lead « 

D'Aivet's  lUoy,  Pb*ait*Bt> 


Fnsible  metal,  PbSi^Bi > 

Phosphorus 

Sulphur i 

Nitrate  of  soda 

Nitrate  of  potash 

Phosphate  of  soda,  2NaO,PO*  +  24HO 


Chloride  of  caldum,  CaCl,6B0 


Beeswax  (yellow) 


Ice. 


Temperatures  between  which  the 
specific  heat  was  determined. 


SIO"  and 
370    ,. 
440     „ 
300     „ 
136     „ 

80     „ 

50  „ 
330  „ 
100  ., 
147  „ 
430  „ 
435  „ 

79  „ 
2 
127 
100 

60 

28 

2 

102 

58 

42 

2« 
2 
0 


240° 

280 

340 

136 

107 

14 

12 

143 

50 

120 

330 

350 

44 

-20 

100 

60 

31 

4 

-20 

66 

42 

26 

6 

-20 

-30 


Specific 
Heat. 


0061 

0035 

0-039 

0036 

0047 

0-060 

0*049 

0:046 

02045 

0  234 

0-413 

0-83186 

0-758 

0-454 

0-519 

0-628 

0-358 

0-647 

0-406 

0-54 

0-72 

0-79 

0-52 

039 

0-504 


The  latent  heat  I  of  these  bodies  may  be  expressed  by  the  formula 

(160 +  <)«  =  ' 

where  t  denotes  the  melting  point  in  centigrade  deg^rees,  2  b=  0-e  the 
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difference  of  PfM^cifir  heat  in  the  solid  {  ^  c)  and  tlie  liquid  state  (  =  C). 
For  example,  \vi-  liav«.' 


Substances. 

Melting 
poiat. 

Specific  Heat  in  the 
solid  state.        liqaiil  state. 

litest  Heat, 

observed.     c*4lcalat«d. 

Water   

a" 

44-2 
115 
310-5 
339 

0-504 

0-1-88 

0-20295 

0-27H21 

0-23875 

1  0000 

0-2045 

0-234 

0-413 

0-33186 

79-25 

5034 

9-368 

62-976 

47  371 

7920 

Fboiphorni 

3-243 

9-350 

>iitr«t43  of  soda    

„       potasb   ,. 

63-4 
46462 

The  above  equation  showR  that — To  obtain  the  InlrnJ  hent  of  <i  boffff^  the 
difference  of  its  two  .<rped/ic  hedts  mttst  be  repented  as  mmuj  times  as  there  are 
degrees  betttven  —  160"'  (ni(f  itA  meJtintj  prnnt. 

From  this  it  in  prohiible  that—  IGO^C.  or  —  256° F.  is  the  absoiate 
zem  of  Leat ;  Hiticc  otht'rwise  \vc  shall  be  obliged  to  admit  that,  at  tom- 
jMM'atun'H  below  —  l<iU°,  llie  diffiTena-  iH-tweou  the  BjK-'cilic  heats  in  the 
giilid  and  liquid  states  rnu^t  for  all  liodios  be  equal  to  nothing-. 

The  |«ieeedinf^  formula  in  not  it|ijilicuble  to  the  metals,  inasmuch  as  for 
thcH<!  biidiea  the  value  of  c  is  alnro.st  tHithiu},^  PerKoii  is  however  of 
(qiidion  that  if  the  metals  could  be  retained  in  the  liiiuid  state  below 
their  ordinary  nndtlnj^  pointH,  their  8|)edlie  heat  (  =  C)  iii  this  state 
wonlil  be  found  to  l>e  much  greater  tliaii  it  is  at  temperatures  aliove  the 
melting'  p<jint,  and  eouBequeiitly  ^  =C'  —  c  would  have  a  more  consider- 
able value. 

Aocordinj^  to  1'er.son,  the  latent  heat  of  fluidity  is  not  a  constant 
quantity,  but,  like  the  latent  heat  of  vaivjrization,  vtirlnble  with  iht  tem- 
jHTiUure,  Thus,  1  kilcg-runmje  of  ice  at  —  20^€.  requires  10  unite  of 
heat  to  bring  it  to  0"  and  7U-2  units  to  melt  it ;  m  all  therefore  89*2  unitfl. 
Now  if  water  at  0*  be  cooled  to  —  20^  it  loses  2(>  units  of  heat, — snwiei 
according  to  Person's  experiments,  the  specific  heat  of  wat<.'r  dues  oot 
alter  sensibly  at  temperatures  belifw  0°.  Consequently,  when  it  freezee,  it 
can  only  ^i^ve  up  8D-2  —  2()=  6y'2  units  of  heat.  \. 

Most  boihes  coatracl  in  pas.sing  frr>m  the  liquid  to  the  srilid  8t,3tc; 
the  foUowiiig  otdy  are  known  t(tex|Kiiid  in  undergoing  this  change;  water, 
bismuth,  and  cast-iron,  aei:<irding  to  Reaumur;  i:opper,  ac^xirding  to  Karstcn; 
bilvor  aco.irding  to  I'erson  {Chim.  mnlreul.  240);  u'rtnin  alloys  of  bismuth^ 
ami  likewise  fixide  of  lead,  acconUng  to  Manx.  The  expansion  of  anti- 
niony,  observed  by  Keaumiu-,  is  not  confirmed  by  the  experiments  of 
Manx.  \Vater,  a<icordjng  to  l^eroyer  &  Dumas,  exi»an<ls  in  freezinjf  by 
■^  of  its  volume  ;  bismuth,  according  to  .Majix,  at  least  -,»,.  Solid  pieoos 
of  these  substances  float  on  the  melted  portion.  The  outer  portioai 
these  lii^uids  Iwing  geuernlly  the  first  to  solidify,  the  enclosed  ;K>rti 
which  still  remains  liquid  splits  the  solid  crust  f»r  the  vessel  in  cooUn|r» 
and  forms  an  ojwniiig  by  which  a  |xirtioij  Hows  out.  Melted  bismath 
<lrawn  up  into  a  glass  tulie  bursts  it  in  solidifying.  (Marx,  S<hw.  58,  4M ; 
J.  pr,  Chem.  22,  llj.'i.)  This  expansion  seems  to  l>e  connected  with  the 
fact  that  such  liodies,  water,  e.  ff.,  attain  tlieir  greatest  detisity  sovcral 
degrees  aU.ve  their  freezing  points,  and  when  cooled  below  tlie  particular 
toniiK'nitun-  which  givf>8  thc«  maximum  density,  expand  more  and  oiore 

•liey  anproju'h  the  freeaiing  p<:iint.  (p.  22.'».) 
Ictallic  ttlloyu  often  cxliibit  two  solidifying  points,  thai  is  to  say, — 
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when  the  melted  mass  is  cooling,  the  tcmixratiire  remains  constant  for 
Bomc  time  at  two  different  points.  This  takes  place  wh(;n  the  metals  arc 
not  combined  iu  the  Ktoidiionietrical  pnijinrtiuii  in  which  they  unite  into  a 
solid  comprmnd  ;  in  such  a  case,  the  metal  whicjj  is  in  excess  golidilicB 
first,  and  the  more  intimate  compomid  at  a  lower  temperature.  {Poffg. 
18,240.;) 

On  trie  compressibility  of  liquids — which  la  of  very  Bmall  amount,  and 
at  least  in  the  case  of  water  follows  Mariotte's  law — vtd.  Oersted  {Schw. 
52,  9);  €oIladon  &  Stunu.  {Ann.  Ckim.  Phy9.  35,  113;  eXm  Pwjg.  12,  39, 
and  161.) 

2.   Vaporization, 

All  ponderable  substances  have  an  afEnity  for  heat,  in  conscqoenco  of 
Jiidi  they  endeavour  to  combine  with  it  and  fnnn  Efastic  Fluids  or 
Cfi^cji.  Ever)'  g-.is  consists,  therefore,  of  heat  and  a  ponderable  aiibstance, 
the  Pondanhle  Bum  or  Material. 

This  affinity  differs  ^eatlj'  in  amount.  SuVjstanccs  which  have  great 
tendency  to  assiune  the  g'aseouisi  ft>rm  are  called  Vohitik ;  those  in  which 
this  tendency  is  wniall  are  called  Fired:  Corpora  vo/atilia  and  JiMt.  On 
the  whoic  the  volatility  of  bodies  follows  the  same  order  as  their  fusi- 
bility ;  nevertheless,  water  isjnoro  volatile  than  mercury  or  nil  of  vitriol. 
— Tlie  more  intimate  the  union  between  the  jxnideruble  IxKh'  and  licat> 
the  greater  is  the  difficulty  of  depriving  the  body  of  its  paseona  fonn  by 
external  pressure  and  cooling, — the  niorejwrmanent,  t1ieref<tre,  is  the  gas. 
A  gradual  transition  nevertheless  exists  from  those  gases  which  are  either 
not  coiulensable  at  all,  like  oxygen,  or  only  by  very  strong  pressure  and 
coohng,  like  carlM)uic  acid, — to  those  which,  like  the  vaymur  of  iron,  exist 
only  tit  the  highest  known  temperatures.  Gases  may  therefoiv  he  divided 
into  Permanent  6-Vj#ps,  which  retain  their  gaseous  form  under  the  ordinary 
atmospheric  pressure  and  at  0°,  and  Vftp^ury  which,  mider  these  circum- 
stances, return  to  the  liijuid  or  the  solid  state. 

Heat  is  contahied  hi  gases  in  larger  quantity  than  in  liquids ;  it  pre- 
dominates in  them,  overcome.^  the  ci»hesi<>n  of  their  j>oru!eralile  matter, 
and  imparts  to  them,  on  the  contrary,  a  tendency  to  expand  without  limit 
when  not  prevented  by  external  obstacles.  Tliis  expansive  tendency  of 
g:a8e8  is  their  Elmtuutu  or  Tension.  In  the  same  gas,  and  at  the  same 
teniftcrature,  the  tension  varies,  according  to  Mariotte's  law,  in  the  direct 
ratio  of  the  density. — It  is  only  when  gases  arc  brotight  by  ju'cssuro  and 
c<Miling  near  the  |Miint  at  which  they  assume  tbe  liquid  form,  that  the 
density  increases  somew^hat  more  rajndly  than  the  elasticity. — This  pecu- 
liarity is  exhibited  not  only  by  vapours,  but  also  by  those  iiioic  pinna- 
nent  gases  which  may  be  Uquefied  by  strong  pressure,  c.y.,  sulphuretted 
hydrogen,  ammonia,  cyanogen,  and  (acctirding  to  Oersted)  sulphurous  acid 
gae.  If  equal  measures  of  air  and  ammoniacal  gas  are  exfioscd  to  the 
same  pressure,  the  latter  is  condensed  in  a  higher  degree,  as  if  it  were 
exjiosed  to  a  stronger  pressure,  and  this  difference  increases  considerably 
as  the  pressure  becomes  greater : 


Air  1-819  met. 

Ammoniacal  gaa     I'SSO  „ 


2-582  met.. 
2-663 


3-863  met. 
4-132     „ 


A  condeneation  of  air  corresponding  to  a  preasaro  of  3'86.S  met.  of  the 
mercurial  column,  produces,  theri'fore,  the  same  condensation  of  amnio- 
niac4d  gas  u«  if  the  pressure  were  that  of  a  eohmui  of  4'132  met,  (l\'SprctK, 
Ann.  Chim.  Phys.  34,  835,  and  443;  also  Pogg.  9,  605;  also  Sckic.  51, 
VOL.  I.  % 
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Eifrj  pondenble  ■otwriiiTP  akn  op  a  yclei  ipaee  ■  the 
Aan  in  tbe  fiq[iiid  inr  taSd  stste-.  IL  Aerefore.  a  aofil  cr  Bqprid  (o^f  be 
doadjr  wmiiwd  Im-  aa  ^rvidnif  eKTdbpe.  ao  fm  mImm  of  gas  eaa  take 
phec  at  aa  J  teiaueiAtaic.  ^deaa  dv  cB^ielo|ie  lie  bsat  opea.  I^  am  the 
coBtmy,  tlie  body  be  Aoated  m  a  Taen^i*  a  poclMNi  of  it  fwiinwiliiii 
to  the  Hagaitaiie  of  At  catptj  s|iacr.  tbe  teH|KiatHc^  aad  the  aatHe  df 
tte  ■abataaee  heelf — w9  be  ooBTorted  iato 

When  a  ootHB  qaantitjr  of  gas  baa  beca  {^ 
the  ex|)aaai»e  tendency  of  the  gas  ahcady  |acdated  biaden  liefmhher 
fa|Wfiiatioa  of  the  lemafniag  aahBtance:  for  tbia  woald  pradaoe  coaipree- 
■nn  of  the  gas  prerioaeljr  fonacd.  Kt|aribgi^  ia  therefow  eatabiiahed 
between  the  dastidtT  of  the  gcnoated  gaa  aad  the  tendeMj  of  the  re- 
auuning  matter  to  oonbiae  with  heat  and  fbta  Bote  gaa,  mtA  ttias  the 
farther  prodactian  of  gas  iapTCTenfeed.  The  eaaptx  sfaee  ia  aov  artaralMi^ 
aa  it  were,  with  gas  at  the  giren  tenpentme.  or  a  mtrnvtadgm  baa  beea 
pmdwxd.  Bat  if  tfa»>  trmperattre  be  nuB«d.  the  affinitr  of  the  beat  for  the 
n^maining^  matter  will  oTerci:>me  the  elasticity  of  the  gas  prvTioashr  gene- 
rated, and  a  further  production  vf  gas  will  ta^  {.ilace :  a  larger  quantitT 
of  gas  is  thus  accomolated  in  the  saooe  ^noe. — in  consequence  of  wU^ 
the  elasticitv  increases,  and  graduallv  attains  soch  a  degree  of  force  that 
eqnilibriam  is  again  established,  and  the  further  aocomalation  of  g^  is 
at/)fifjf;d.  The  higher  therefoiv  the  tempnratare  the  greater  is  the  quan- 
tity of  matter  vapr^rized  in  vacuo,  and  the  greater  are  the  density  and 
eUHtirity  of  the  gas  or  vapi^ar  produced. 

Tfie  gas  contained  in  any  space  is  mmfohtrated,  when  an  adcEtional 
qnantity  of  the  same  vaporizable  substance  introdoced  mto  it  ia  likewise 
or^n  vert'.'d  into  gas.  Thus  carbonic  acid  gas.  at  ordinary  preesores  and  tem- 
pf:ratun:s,  is  an  unsaturated  gas ;  for  Uiquid  carbonic  add  introdnoed  into 
a  Hfj«u»  filled  with  it  vafjorizes  in  large  quantity,  and  it  is  not  till  the 
vaf¥>rixation  is  ended,  and  a  portion  of  carbonic  add  still  renuuns  fiqidd, 
that  tlif!  gHM  can  lje  regarded  as  saturated.  The  same  is  tme  of  all  gases 
whi«;li  ar<r  Mrnnanent  at  ordinary  pressures  and  temperatures. 

Al(v>|i(4,  r;tli('r,  or  rock-fiil  enckised  in  a  tube  of  strong  glasa  or  iron 
iM  iviw\Aft4']y  i»iiy<:Tii^\  into  vapour  on  the  ap{Jication  of  heat,  only  when 
ihf.  H]au-M  not  firxrnpicd  by  the  li(|uid  is  somewhat  greater  than  the 
vohiiii'-  of  t>i<>  liquid  itw.'If.  With  rock-oil  the  empty  space  may  be  aome- 
ivhal  HHiallfrr  than  with  alohol,  and  with  ether  still  less.  Alcohol  wh<»i  thai 

•  See  iIm  Befunlt  (Ptyy.  77.  U*). 
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heated  acquires  incroaeed  mobility;  expands  to  twice  its  original  vnlnme, 
and  is  than  suddenly  inverted  into  vapoui'; — this  cbango  liikfs  )>bi;<i  ut 
20r  C.  (404-6''  Fah.),  when  the  alcolinl  urcnpicH  juHt  half  tlie  vnlunie  nf 
the  tube.  If  the  tube  is  more  than  Iralf  filled  with  nlcuhol  it  btiistH  when 
l)eat«d.  A  jj^laea  tutK?  one-third  iilled  with  watr-r  becomes  opmtne  when 
heated,  and  barKts  after  a  fcvv  Becomls.  If  this  cheinical  aetinn  of  the 
water  on  the  glass  be  dintinished  by  the  fidditiun  uf  a  htfle  carbonate  nf 
■oda,  the  iranspareucy  of  the  glaas  will  be  much  Ichh  impaired;  and  if 
the  space  o<^:upied  by  the  water  be  of  the  whole  tube,  the  liquid  will 
be  converted  into  vapour  at  about  the  tenii)erature  of  melting  zinc 
;iard  dc  la  Tour.) — If  liquid  curlionic  acid  hcalod  iii  a  glasH  tube 
^  iJ  '^f  *''*'  volume  of  the  tul>e  at  0°',  it  neither  inereaees  nor 
diminishes  in  bulk  when  heated,  liecaime  the  increase  of  voluuw  produced 
by  heating^  is  just  conipeiiBated  by  the  diminution  caused  by  vaporization. 
If  it  occcupiea  ^  of  the  spjice  at  0'^  its  volume  diminishes  when  it  is  heated, 
and  incrcasea  when  it  is  cooled,  because  the  loss  by  evaporation  |>rep(in- 
derates  over  the  expanaion.  If  it  takes  up  f  of  the  K}>ace,  its  volume  in- 
creases by  heat  and  contracts  by  cold,  a«  in  a  thermometer;  but  at  +  30" 
(86°  Fah.)  the  whole  is  converted  into  va]X)ur.  The  tras?  which  at  0° 
occupies  the  space  above  the  liquid  carbonic  acid  would,  if  condensed,  yield 
I'j  of  its  volume  of  hquid  acid;  and  that  which  in  produced  at  +  3U"  would 
give  i  (I?  Gm.)  of  its  vutume  of  liquid  carbonic  acid  at  0\  (Thilerier.) 

When  a  volatile  suhHtance  is  heated,  the  tension  of  the  gnu  increases 
in  a  much  higher  ratio  than  its  density,  because  the  heat  not  only  increases 
the  elasticity  by  producing  more  gas,  bat  likewise  by  its  expianding  force 
iinparts  a  higher  degree  of  elasticity  to  the  gae  already  formed.  In  the 
CitHO  of  water  the  following  table  has  l)een  eutculated  by  Desnretz. 


Tcmpeiuture. 

Elasticity, 

Actual 
Denaily. 

Dcneity. 

carrcAponding  lo 

tbe  Elaaticitf. 

DiBereacc. 

O'G. 

0005  Met. 

1-00 

10 

0 

25 

0023 

420 

4« 

0-8 

60 

0  089 

14-&0 

ir-8 

S*» 

n 

0-285 

H-ld 

57  0 

120 

100 

0-7(59 

110-54 

1520 

41M 

190 

1-449 

199-86 

289-8 

89-94 

140 

2  356 

808-98 

471-2 

102-22 

108 

3-571 

44332 

714-2 

270-88 

The  higher  the  temperature  the  greater  is  the  difference :  hence  the 
advantage  of  high-pressure  steam-engines.     (Despretz.) 

LdStly,  -when  the  volume  of  the  empty  space  and  the  temperatme  are 
given,  tlie  quantity  of  gas  produced  vaiies  witii  the  nnttne  af  tin-  bodif.  1. 
According  to  the  oiinity  between  the  ponderable  matter  and  heat ;  for  the 
■weaker  this  affinity,  the  smaller  will  be  the  quantity  of  gas  which  by  its 
tension  will  be  able  to  stop  the  fiu-ther  production  of  gas;  and  the  greater 
the  atlinity,  the  denser  and  more  elastic  must  be  the  gas  produced  l>ef<>re 
the  process  of  evap«iration  ceases ; — 2.  According  to  the  atomic  weight  of 
the  substance:  for  the  atomic  weight  is  closely  connected  with  the  sj>ecific 
gravity  of  the  gas  (pp.  TiS  and  {54). 

The  most  volatile  among  terrestrial  substanc-es,  so  far  ae  they  have  mit 

heen  prevented  by  combination  with  others,  have  eBf>edfllSy  asHumed  the 

I'gaseouB  foi-m ;  and  the  aerifonn  mixture  thus  protluced  eoitstitutes  the 

\  Almo,*]>here  or    Comwaa   Air  BuiTounding  the    earth.     The    weii::ht    i\ilh 

-Tvhich  this  mass  of  air  i^eBBCB  on  the  earth's  surface  varies  with  atmo- 

%1 


hj  a 


At  Tirriemlimm  nnaBa.   ^t 


it  vcn^iaa 
m  fores 
Ifthe 
aanyothtf 


pmmnr  be  «  lay 
■■Ifaivi  a  ciitaiia  <€ 
mcamK*  "mJA  "At 
wtnxmf  at  vkkik  ^t  *i 
«fihtanMfhen.a^e 
n»  wafcfamv  w  the 
iato  TapMT.  ia  wfke  <rf ' 

If  a  siilwOMC.  the  tnura  ai  wkoae  ^^^m-  at  Ae  jSJvcB  tH^entara 
m  lew  tbaa  tfac  anaoffhenr  jauMji.  lie  HiPpaaeeJ  ■  csbobh  into  Um 
Tcwricvffian  tkv^ — ikaS  ia  to  ait — hsp  a  fiaor  b  wVdi  ife  pnaaore  of 
tbo  atmi^f^MTe  i$  balaaoes!  by  a  ct:crc«<*:o£Bp  oohmiB  of  meniuij,  the 
suWtaiKv  filk  tl>e  «nj^T  $paoe  whi  vapr^zr  baxix^f  aa  daatidty  0)r- 
iv«|>t>nding:  t'-'  the  u-mpii  rarir?.  Bj  -.li>  tLe  cv^Tunn  of  meicniy  in  the 
bar<:<mcU'r-tBl>e  is  deF<n.-«^*i  thr:-::^  a  beiz^t  c'^THspoDAiig'  to  the  elu- 
ticity ;  for  the  t^nsJon  of  the  vap -in-  a--  w  f^spffies  tbe  place  of  part  of  the 
column  of  meicnry.  In  tLis  n^Ar-.Titr  tbe  vlas::3o:Ty  of  a  rapoor,  when  kes 
than  the  atnii«:pheric  pivs^cie.  car  lie  e«tiii:.ated  in  fines  or  nuDimetres  of 
the  mercurial  c»»lumn. 

If  heat  be  now  ap^ied  to  tbe  unvap^rized  portkMi  of  the  bod|y  attuatcd 
in  the  vacuuiiu  the  density  and  elasticity  of  tbe  Taponr  increaae;  Uie 
vapour  depn^ses  the  meirury  more  and  nxve.  tbe  higher  tbe  temperature 
B  rait«ed,  and  the  more  elastic  the  vap<.>ur  in  ci~>n9eqiienoe  becomea ;  till  at 
length  the  mercury  within  the  baivmeter-tube  stands  at  tbe  aame  levd  M 
that  without.  This  temperature  again  is  the  boiUng  prant ;  for  the  tea* 
aion  of  the  va^wnr  is  now  of  itself  a  balance  for  tbe  ptesanre  of  the  air. 

As  the  atmospheric  pressure  increases  or  diminisbea,  the  bmfing  point 
— or  temiicr^iure  at  which  the  bixly  assumes  tbe  gaecona  fonn — riaea  or 
falki ;  it  IS  usual,  however,  to  state  the  boiling-point  aa  correepoDding  to 
a  pressure  of  0*76  metre. 

In  the  following  data  of  the  elasticities  of  different  gaaea,  it  ia  to  be 
obscr>'cd  that  the  gas  or  vapour  is  supposed  to  be  in  contact  with  ud> 
vaporized  matter ;  and  therefore  that  a  saturated  vapour  or  gaa  is  pro- 
duced. Tlio  more  |)ermancut  gases  arc  exposed  to  the  different  temperatures 
in  contact  with  imvaporiacd  matter  in  a  sealed  glaaa  tube,  a  nmnow  gtado- 
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ated  glass  tube  filled  with  air  and  closed  with  a  drop  of  mercury  {Mano- 
meter) being  placed  in  the  same  tube  to  indicate  the  pressure  by  the  vari- 
ous degrees  of  compression  of  the  enclosed  air.  The  more  volatile  sub- 
stances are  introduced  in  the  Torricellian  vacuum,  where  they  depress 
the  mercurial  column  in  proportion  to  the  elasticity  of  their  vapours. 

The  elasticity  of  the  more  permanent  gases  is  expressed  in  whole 
atmospheres.  In  this  table,  D  F  denotes  Davy  &  Faraday  {Phil.  Trans- 
act. 1823,  160  and  189);  N,  Niemann  {Br.  Archiv.  86,  175);  B,  Bunsen 
(Pogg.  46,  95) ;  T.  Thilorier  {Ann,  Chim.  Phys.  60,  434) ;  M.  Mitchell 
{Sill.  Amer.  J.  1840,  177,  also  Ann.  Pharm.  37,  354). 


DegreoB  below  0. 

Degrees  above  0. 

T3F 
DP 

T 

M 

.  N 
D  F 

N 
DF 

N 
DF 

N 
DF 

N 

B 
D  F 

N 

B 
DF 

N 
DF 

N 

B 

3^ 

1-7 

2« 
3(1 

1-05 

iv 

15 
1*I6 

11 
20 

10 
1-85 

i 
liol 

5 

4 

1-5 

25 

0 

m 

40 

5 
■1-8  5 

37   8 
6'6 

1-04 

0    '. 
3    '. 

7-2 
51 

3-fl 

i 

10 

• 

17 
3-1;; 

10-{l 
60 

40 

m 

m 

40 

m 

7  1 
-i 

h 

Id 

7'e 

1-4 

3-8& 

Sit  25   80 

'.    78 
.     .    72 

et-8   '.    '. 

AG  6-5,    '. 

Uxoiu  oxide . 

(1 
•rbonio  i 

add 7 

iiide<^  [1 

dhloriae \ 

[jdrochlorio     C  J 

acid 1 

alphoreUod     J  J 
hydrogen  ...  I 
] 

mmonia | 

^anogen j 

lilorine \^ 

ilphoroos        ( 
acid t 


According  to  Oerstedt  and  Swcndson,  the  tension  of  sulphurous  acid 
at  +  21*25°  amounts  to  3*269  atmospheres. 

According  to  Wach  {Schw.  50,  33),  the  tension  of  sulphurous  add  at 
6-75 =3*2  and  at  19'5'*  =  4-36  atmospheres. — The  boiling  point  of  sul- 
phurous acid  (at  a  pressure  of  0*76  metre)  is  about— 10°,  that  of  cyanogen 
—  20,%  of  ammonia  —  33'7°,  and  of  carbonic  acid  about  —  50°.  Phos- 
phuretted  hydrogen,  hydriodic  add,  hydrobromic  acid,  and  hydrochloric 
acid  gases  may,  according  to  Bunsen,  be  liquefied  by  cooling  to  —  90*. 

The  elasticity  of  vapours  is  expressed,  sometimes  in  atmospheres, 
sometimes  in  metres,  sometimes  in  inches  and  lines.  The  tension  of  the 
vapour  of  water  at  low  temperatures  is  the  mean  tension  calculated  by 
Kamtz  {Schw.  42,  385)  from  the  experiments  of  Rouppe,  Schmidt,  and 
Ure ;  that  of  the  same  vapour  at  high  temperatures  is  given  by  Arago 
and  Dulong  {Ann.  Chim.  Phys.  43,  74;  also  Pogg.  18,  437;  also  Schw. 
69,  167) ;  that  of  vapour  of  mercury  by  Avogadro  (Ann.  Chim.  Phys.  49, 
369) ;  tnat  of  the  vapour  of  sulphide  of  carbon  by  Marx  {Schw.  62,  460), 
and  those  of  the  vapours  of  alcohol,  ether,  rock-oil,  and  oil  of  turpentine  by 
Ure.  {Pka.  Trans.  1818,  p.  338  ;  also  Schw.  28,  328.)  Some  of  the  fol- 
lowing series  are  merely  extracts.  Degrees  of  Reaumur  and  Fahrenheit 
will  eho  be  found  here  and  there. 


*  Aoeoiding  to  a  former  atatement,  6. 
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Vapour  of  Water. 

Vapour  of  Mercury. 

Vapour  of 
Sulphide  of  Carbon. 

KSmlz. 

Arago  & 

Oolong. 

Avogadro. 

Marx. 

Far.  Lin. 

Atm. 

Metrea. 

0° 

R.           210 

100'    C 

1 

100" 

C.      0-00003 

-8-75*  a     3200 

+   5 

8-09 

112-2 

1-5 

110 

0-00007 

-5                40-36 

10 

4-62 

121-4 

2 

120 

000016 

0                58-50 

15 

6-98 

128-8 

25 

130 

0-00035 

4-5                71-00 

20 

1008 

135-1 

3 

140 

000073 

10                8730 

25 

14-32 

1406 

8-5 

150 

0-00143 

15              106-75 

30 

20-35 

145-4 

4 

160 

0-00261 

20              129-37 

35 

28-59 

149-06 

4-5 

170 

000458 

85              156-21 

40 

39-23 

153-08 

5 

180 

0  00771 

30              187*62 

46 

54*37 

156-8 

5-5 

190 

0-01245 

35               224-32 

00 

72-80 

160-2 

6 

200 

0*01030 

40               264*37 

55 

96-59 

163  48 

6-5 

210 

002880 

45               81*2*12 

60 

126-34 

166-5 

7 

220 

004154 

50              367-62 

65 

163-88 

169-87 

7-5 

230 

0-05801 

55               431-50 

70 

211-20 

172-1 

8 

240 

0-07865 

59-37         494-00 

75 

268*33 

177-1 

9 

250 

0-10378 

80 

336-00 

181-6 

10 

260 

0-13362 

85 

425-33 

186-03 

11 

270 

0-16830 

90 

525-29 

190 

12 

280 

0-20790 

95 

644-56 

193-7 

13 

290 

0-25251 

100 

78905 

197-19 

14 

300 

0  30233 

105 

948-79 

200-48 

15 

310 

035775 

no 

1155-9 

203-6 

16 

320 

0-41938 

115 

1358-8 

206-57 

17 

330 

0-48838 

120 

16121 

209-4 

18 

340 

0-56637 

2121 

19 

350 

6-65577 

214-7 

2a 

360 

0-76000 

217-2 

21 

219-6 

22 

221-9 

23 

224-2 

24 

226-3 

25 

236-2 

30 

244-85 

3J 

25255 

40 

259-52 

45 

265-89 

50 

. 

Alcohol 

, 

Ether. 

Rock-oil. 

Oil  of  Turpentine. 

Ure, 

Ure. 

Ur% 

Ure. 

!•; 

ngl.  in. 

Engl.  ill. 

Engl.  in. 

Engl.  io. 

32°  P. 

040 

+   3f  F 

C-2 

+    316°  F.        300 

+   304°  F.     30 

49 

0-56 

44 

8-14 

320              31-7 

810           33  5 

50 

086 

54 

103 

3-.'5              81-0 

315           35-2 

60 

l-i3 

64 

130 

330              3(1-4 

320           37- 1 

70 

1  76 

74 

16-1 

335              38-9 

3-i2           37-8 

80 

2-45 

84 

20-0 

340              41-6 

326           402 

90 

3-40 

94 

24-7 

345              44-1 

330           42-1 

lUO 

4-50 

104 

30-0 

350              46-9 

836           45-U 

no 

600 

110 

325 

355              50-2 

340           47-3 

120 

8-10 

120 

39-5 

360              63-3 

343           49*4 

130 

10-60 

130 

47-1 

3G5              669 

347           51-7 

140 

13-9 

140 

56-y 

370              60-7 

350           63-8 

150 

18  0 

150 

67-6 

372             61-9 

354           6C-6 
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Alchol. 

Ether. 

Rock-oil. 

Oil  of  Turpentine. 

Ure. 

Ure. 

Ure. 

Ure. 

Engl.  In. 

Engl.  in. 

EnKl.  in. 

Engl.  in. 

160            22-6 

160            80-3 

375            64-0 

3.'i7            58-7  • 

170            28-3 

170            92-8 

360            60-8 

173            300 

ISO          108-3 

362            62-4 

180           39-7 

190          124-8 

100            43-2 

200          142-8 

200            530 

210          1660 

206            601 

210            650 

220            78-5 

230            94-1 

240          111-2 

250          132-3 

260          155-2 

The  tension  of  the  vapour  of  sulphide  of  carbon  at  12°  C.  amounts  to 
0-2  metre  (Berzelius  &  Marcet);  at  22-5°  to  0-3184  M.  (Cluzel);  at  46-6«' 
to  0-76  M.  (Gay-Lussac) ;  at  57-6°  to  1^,  at  160°  to  7*7  and  at  171°  to 
8-95  atmospheres.  (Davy  &  Faraday.)— On  the  tension  of  the  vapours 
of  water,  alcohol,  and  ether,  comp.  Dalton  {Ann.  Phil.  15,  130)  and 
August.  (Pogg.  13,  122.) 

[Calculation  of  the  tension  of  aqueous  vapour  at  different  temperatures 
by  F.  Von  Wrede.  {Pogg.  63,  225.)] 

V.  Magnus  {Pogg.  61,  225)  and  Eegnault  {N.  Ann.  Chim.  Phys.  11, 
334 ;  13,  196)  have  also  determined  the  tension  of  the  vapour  of  water  at 
different  temperatures.  The  results  obtained  by  these  philosophers,  whose 
experiments  were  made  independently  of  each  other,  present  the  most 
remarkable  agreement,  as  will  be  seen  from  the  following  table : — 


Tension  b  Millimetres. 

Tension  in  Millimetres. 

Temp. 

Temp. 
C. 

C. 

MsgMi. 

Regnault. 

Magnus. 

Regnsnlt. 

-32« 

0-310 

9 

2-284 

2-137 

31 

0-330 

8 

2-471 

2-327 

30 

, 

0-365 

7 

2-671 

2-533 

29 

0  397 

6 

2-886 

2-758 

28 

0-431 

5 

3-115 

3-004 

27 

0  468 

4 

8-361 

3271 

26 

0-609 

3 

3-624 

3-553 

25 

0-553 

2 

3-905 

3-879 

24 

0  602 

1 

4-205 

4-224 

23 

0-6.'i4 

0 

4-526 

4-600 

22 

0-711 

+   1 

4-867 

4-940 

21 

0-774 

2 

5-231 

5-302 

20 

0916 

0841 

3 

5-619 

5-687 

19 

0-999 

0916 

4 

6-032 

6  097 

18 

1-089 

0-996 

6 

6-471 

6-534 

17 

1-186 

1-084 

6 

6-939 

6998 

16 

1-290 

1-179 

7 

7-436 

7-492 
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The  progression  of  the  tension  is  not  affected  by  the  freezing-point,  at 
least  ill  tlie  case  of  water  and  hydrocyanic  acid;  at  0",  ice  and  water  liavo 
the  same  tension ;  it  is  not,  therefore,  affected  by  the  greater  cohesion  of 
JOe.     (Guy-Ijii8Hac,  Ann.  Chim.  Phifn.  70,  4iy.) 

Volta's  {Srfiw.  52,  98)  and  Daltoii's  law,  according  to  which  the 
vapours  of  different  Bubstances  have  the  same  tension  at  an  equal  number 
of  tliermometric  degrees  above  or  I>t>li>w  their  boiUng'- points,  is  regarded 
a»  inc(irrcct  by  Schmidt,  Mayor,  Desi>retz,  Ure,  andotherH,  according  tn  the 
results  of  their  own  ex[)erirueiits  :  it  is  nevertheless  remarkalile  tliat  this 
laiv  is  pretty  nearly  true  in  tlie  case  of  many  subKtances.  From  the  boil- 
ing {Kiiut  of  8iilplnnou8  aeid,  e.g.  to  the  tern f>c-rat ure  at  which  its  tension 
is  equal  to  '2  atmospheres,  tlxere  is,  uoeording  to  the  preceding  table,  au 
bvten'al  of  17'' C;  in  the  case  of  water,  tlie  correKpimdiiig  interval  is 
abnut2(P;  of  alcohol  18'^;  and  of  ether  SO'^ :  but  ui  the  case  of  roc:k-oil 
and  oil  of  turpentine,  which  arc  li<iuid8  of  less  »implo  constitution,  it  ia 
ftbout  30^.  Davy  also  {Ann.  Chim.  Phtfs.  20,  175)  puts  forward  a  %'iew 
founded  on  his  experiments  with  sulphide  of  airlxm,  chloride  of  phos- 
phorus, and  alcohol,  favourable  to  Dalton's  law. — iJovr's  (/'of/'/.  23,  2;J1) 
c<imparisou  of  the  tensions  of  |jcrmaiieut  gases,  accunltiig  to  Faraday, 
with  that  of  vapour  of  water  accordiug  to  Arago  and  Duloug,  likewiso 
iqtBakfi  in  favour  of  this  law. 
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Sulphurous  acid  ia  also  nearly  in  accordance  with  the  law,  but  sul- 
phuretted hydrogen  is  not;  rcH[>e'cting  this  last  gas,  however,  it  nmst  be 
obHcrved  that  the  detennhiatimis  of  its  tension  by  Davy  &,  Faraday  and 
by  Niemann  differ  considemhly.  Aocorduig  to  this  law  the  boiling-point 
of  nitrous  oxide  should  l>e  —  158%  of  carbonic  acid  —  UG**,  of  liyiho- 
chloricacid  — 130%  and  of  ammonia -53°  (Dove);  according  to  Bunscn^ 
however,  the  boiling-point  of  aimnonia  is  33-7°. 

If  a  substance  B  be  enclo.sed  in  a  spiice  already  filled  with  the  vapour 
of  another  substance  A,  which  may  be  atmoBpheric  tur  or  any  other  gas — 
uo  ^xjrtion  of  A  being  present  in  tJic  noiv-gasoous  form,  B  being  in  imme- 
diate contact  with  A,  and  the  two  substances  w*i  being  capable,  under  the 
given  circumstances,  of  entering  into  chenucal  combination  with  one  an- 
other,—then,  whether  the  elasticity  of  the  gas  produced  by  B  be  greater  or 
1«BS  than  tliat  of  the  gas  A,  B  wdll  produce  exactly  the  wvme  quantity  of 
gas  as  if  it  were  situatiid  in  a  vacuum  at  the  same  temperature,— with 
this  difference,  however,  that  in  the  first  case  the  conversion  of  B  into  gas 
takes  place  almost  as  quickly  as  if  it  were  in  vacuo ;  in  the  second  very 
filowly  and  only  on  the  surface,  where  the  gas  A  ia  m  contact  with  the 
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substance  B.     The  effect  takes  place  more  or  less  quickly  in  proportion 
to  the  rarity  or  density  of  the  gas  A.  (Volta,  Scfiw.  52,  98,  Dalton). 

Ice  evujtordtes  in  the  open  air  at  temperatures  much  below  0*^ :  the 
chlorides  of  pot»Hsiiim,  niMliutn,  and  antinomy  d<i  not  evaporate  at  a  red 
heat  in  a  cnvered  cruciUle  ;  but  when  tho  cniciblc  is  opened,  and  a  current 
of  air  tliereby  produced,  valorization  takes  place.  Zinc  volatilizes  in 
carbonic  oxide  gas  (wlien  oxide  of  zinc  is  ignited  in  contact  witJl  diar- 
coal),  at  a  lower  temperature  than  when  heated  alone.  Iodine,  whose 
boiling-point  is  175°,  paswts  over  with  vapour  of  water  at  KW.  (Cf»y- 
Luflsac.)  Siiuihirly,  water  mixed  with  alcolml  evaporates  when  bc*ated, 
together  with  the  alcohol  vapour.  When  the  aqueous  solutions  of  dif- 
ferent salts  are  evaporated,  part  «>f  tfie  salt  k  likewise  given  off:  this 
may  however  be  explained  by  supp'i^sinjtr  the  salt  to  be  mechanically 
carried  over:  at  all  events  Faraday  {J.  of  fioif.  Imnt.  1,  70;  also  Potfg.  19, 
645)  found  that  the  wat«.T  evafMirated  at  ordinary  temptTaturea  from 
saUne  solutions  is  free  from  salt.  The  cases  of  recijinx^al  affinity  from 
the  mutual  adhesion  of  ga-ses  likewise  belong  to  this  head  (|>p.  125,  126). 
— The  more  diffusibte  tlie  pas,  th(>  iiiort'  quickly  ilo  b<jdies  evaj.K)rate  in  it ; 
the  effect  takes  place  must  quickly  tluTefore  in  hydrngeu  gas. 

It  may  be  supposed  that  when  the  flaslicily  of  the  gas  A  is  greatex 
than  that  of  the  gas  which  would  be  produced  from  B  at  the  given  tem- 
perature, no  juirt  o(  B  can  be  converted  into  gas,  iK-cause  the  gas  already 
present  nmst  by  its  lUistifity  cfunpress  the  substance  B  sufficiently  to 
prevent  the  vap<irizatifm.  The  formation  of  gas  is  likewise  prevented 
when  the  substance  B  is  separated  fiom  the  gas  A  by  a  moveable  sheet  of 
matter,  a  bladder  for  example.  The  gas  A  must  always  be  iu  immediate 
contact  with  tlie  substance  B,  and  tlic  formation  of  gas  takes  place  only 
at  the  points  of  contact.  This  iihenomenon  is  cxfSained  by  BerthoUet 
i^Stafitfje  Chim.  1,  280)  on  the  hypothesis  of  a  chtmical  solution  of  the 
gas  B  in  the  gas  A, — with  respect  to  which  it  must  \xi  particularly 
observed  that  neither  the  density  nor  the  chemical  nature,  but  only  the 
volume  of  the  gas  A  has  any  influence  on  the  quantity  nf  the  gas  B 
produced.  Dalton,  on  the  other  hand,  explains  it  hy  snpjtosing^ — cither 
that  (uie  gas  acts  as  a  vacuum  to  the  other,  or  that  the  une<pial  mag- 
nitudes of  the  globules  of  tlie  two  gases  give  rise  to  an  internal  motion 
and  uniform  distrihution  of  their  particles.  The  phenomenon  is  perhaps 
Ijest  exjilained  by  BupfH>8ing  that  the  odJtrsion  of  the  existing  gae  A 
for  the  gas  B,  which  is  to  be  produced,  is  in  all  cases  more  powerfttl 
than  the  pressiu-o  which  A,  whatever  may  be  its  density,  exerts  upon  tko 
substance  B,  inasmuch  as  the  adhesion  increases  with  the  density, — and 
consequently,  that  the  body  B  diffuses  itself  with  its  proper  elasticity 
through  any  other  gas  in  the  same  quantity  as  in  vacuo.  {Comport  pp. 
22,  2:t.) 

When  a  gas  B  is  generated  within  an  unyielding  enveloi*  the  inter 
of  which  is  already  occupied  by  another  gas  A,  both  gases  together  pr 
against  the  sides,  each  with  its  own  prr)|X'r  tensinn.  If  for  example  thft 
tension  of  the  gas  A=x  and  that  of  the  ga8B=y,  the  tension  or 
elasticity  of  the  gaseous  mixtnre=j-+y. 

If,  on  the  contrar)-,  the  sides  of  the  vessel  in  wliich  the  gaaeons  mix- 
tnrc  is  generated  yield  to  such  an  ext4Mit  that  the  gas  rem.iins  constantly 
under  the  nressure  x,  the  mixed  gases  first  exjtand  (since  according  to 
Mariotto's  law  the  elasticity  of  a  gas  varie^s  inverstdy  as  its  v<»hmie)  in 
the  ratio  of  x:  x-f-y.  But  by  this  expansion  of  the  gases  A  and  B,  the 
chislicity  of  the  gaseous  mixture  is  diminished  in  such  proportion  that 
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it  is  reduced  to  «:  the  elasticity  of  the  gas  A  therefore  becomes  (x+jy 
:  x  =  x:  1  =  ,    and  that  of  the    eas  B  [x4-v:  «=v;  -^\ 

= — — .    With  this  the  further  expansion  ceases,  supposing  that  no 

portion  of  the  substance  B  remains  unvaporizcd.  If  linwever  this  be  tho 
case,  then — since  the  space  htks  become  larger — a  fresh  quantity  of  B  is 
converted  into  gas,  and  the  gas  6  regain k  the  elafiticily  = //:  and  since 
by  this  action  the  elasticity  of  the  gas  and  therefore  also  its  expansion 
increases,  the  formation  of  gas  and  the  expansion  of  the  gaseous  mixture 
go  ou  till — as  Dalton  has  shown — the  volume  of  the  gaseous  mixture  is  to 
the  original  volume  of  the  gas  A  as  x;  j-— »/.  For  since  hi  this  gaseous 
mixture,  after  its  complete  expansion  under  the  pressure  x,  the  gas  B 
has  an  elasticity  =:^,  that  of  the  gas  A  must  be  only  x^if,  in  order 
that  the  elasticity  of  the  gaseous  mixture  may  exactly  balance  the  external 
pressure  x. 

Examples  in  which  the  preceding  talile  of  the  elasticity  of  gases  is 
made  use  of: — If  at  a  temptcrature  of  25"  C.  and  under  a  pressure  corre- 
sprmding  to  336  Par.  lines,  water  be  introduced  in  excess  into  a  vessel 
containing  one  measure  of  dry  atrnoKpheric  fiir  enelused  by  mercury,  then 
— supposing  that  the  mercury  stands  at  the  same  level  withifi  and  without 
the  vessel,  and  that  the  atmoHpheric  pressure  remains  cfinstant,  —  one 
measuio  of  air  wilt,  by  taking  up  vatmur  <>f  water  (since  the  tension  of 
vapour  of  water  at  So^C.  or  20"  R.  is  equal  to  in-ri8  linesj,  Im;  expanded 
in  the  ratio  of  ;}JiC  — lOOH:  33ri  =  ;!2;)-[)2  :  yH'y.  Wlu>nul<'ul)nl  fvaporates 
in  dr}'  air  at  0°C.  and  under  a  pressure  of  30  English  inches,  the  volume 
is  increased  in  the  ratio  of  30— 0-4  :  30:^29'6:  30;  and  in  the  case  of 
ether  at  0°C.  the  expansion  is  as  30— G'2  :  30-=23-8  :  30. 

b.  The  ajinitif  of  lltat  for  the  Ponderable  Substance  must  be  ftiptrior  to  all 
other  forces  acting  upon  the  same. 

a.  To  the  Cohesion  of  the  PmuUrable  Subttance. 

Since  a  body  introduced  into  a  space  devoid  of  air  fills  that  space  with 
a  quantity  r)f  g-as  corresfKuuhug  to  the  temj»erature — since  this  quantity, 
though  it  decreases  with  the  tenifterature,  cannot  be  reduced  to  nothing 
except  at  the  absolute  7-erij — since  all  eubatanots,  at  least  at  high  tcm- 
peraturcH,  are  visibly  converted  into  gas,  and  nuint  thercffire  afford  some, 
although  perhaps  but  a  small  cjuantity  at  low  temijeratures — tinally, 
since  this  formation  of  gas  takes  place  in  a  space  tilled  with  air  in  the 
same  quantity  as  in  vacuo,  only  with  less  rajiidily, — it  may  be  cimchided 
that  of  every  substance  situated  on  the  surface  of  the  earth,  a  certain, 
though  periiaps  extremely  small  portion  must  l>e  cxtnverted  into  gas. 
That  no  dimhmlion  of  weight  can  however  be  observed  in  pieces  of  metal, 
&c.  even  after  many  years,  may  result  either  from  this  circumstance,  that 
at  a  certain  temiierature  considerably  below  the  boiling  point,  the  coho- 
BioQ  and  gravitation  fif  the  iwinderuble  subHtaiice  may  overcome  its  affi- 
nity for  heat — which  indeecf  is  Faraday's  liew  {Ann.  Phil.  28,  43C ;  also 
Pogg.  9,  1);  or  possibly  from  this,^ — that  when  once  tlie  several  bodies  on 
the  earth's  surface  have  introduced  into  the  atmosphere  certain  portions 
of  their  gases  or  vapours  corresponding  to  the  existing  temperature, 
tliese  gases  may  exert  a  pressure  on  the  remaining  matter  sufficient  to 
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prevent  its  further  vaporization — the  fluutaatians  of  temperatore  on  the 
surface:  of  our  earth  being  perhapH  too  small,  in  comparison  with  the 
wide  interval  between  the  ordinary  tcmpei'atures  of  BohJ  bodies  and 
their  boiling-  points,  to  cause  any  sensible  condensation  of  these  gases 
when  the  atmosphere  cools,  or  to  give  rise  to  fitesJi  formations  of  the  same 
gases  when  a  rise  of  temperature  takes  place,  unless  perhaps  maoy 
meteoric  ])henoinena  may  be  duo  to  some  such  cause. 

Ice  evaporates  in  vacuo  at  t«m[»ei-atiues  below  — 40",  sulphuric  ctlier 
at  — 51°,  at  which  temperitture  it  is  solid  (Coufigliacchi),  sulphide  of  car- 
bon at  —62''  (Marc<?t.)  The  Tonicelliun  vacuum  is  iti  reality  filled  with 
vapour  of  mercury.  In  the  often  air,  ice  evaporates  far  below  0",  mer- 
cury at  +  IS'S",  but  not  at  —6*7  (Faraday);  oil  of  vitriol  does  not 
evaporate  at  ordinary  tenifieratures.  (Hetlanii,  Pot/i/.  y,  7.) — By  enclosing 
two  substances  in  a  flask  tilled  with  air,  keeping  them  separate  from  one 
another,  the  one  in  the  solid  form,  the  other  iu  the  atMe  oi  aqueous  sola> 
tion,  and  exfrising  the  tlask  for  four  years  to  the  ordinary  U'm|H.Tature  of 
the  air,  the  following  results  are  obtained;  Crystallized  oxalic  acid  and 
crystallized  oxalate  of  atiuiionia  eva[K>rate  over  in  kujuH  tiuantities  towards 
aqueous  solution  of  chloride  of  calcium ;  also  prot<xhlori<le  of  mercury 
towards  aqia-ous  solution  of  elilorick'  of  calcium  ;  also  protoehloride  oi  mer- 
cury towards  aqueous  solution  of  potash,  and  nitrate  of  anunr>nia  in  minute 
quantity  to  dilute  sulphuric  acid.  Tlie  following  on  the  contrary  do  not 
•volatilize:  sal-ununoniao  or  common  salt  towardn  dilute  sulphuric  add; 
arsenious  a^'id  or  (xilnmel  to  f^'iustic  [K>tush ;  aquemis  solution  of  iodide  of 
potassium  to  chloride  of  lead;  common  salt  disHolved  iu  water  to  crys- 
tjillized  nitrate  of  silver;  Kiil|tliale  of  soda  dissnlvfd  in  water  to  crj's- 
tallized  hydijited  chluride  of  luirium ;  aqueous  solution  of  chloride  of 
calcium  to  carbonate  of  soda;  and  aqueous  solution  of  sulphate  of  Ci>pjier 
or  ixirHuljjhale  of  iron  to  hydrated  fcmw^yanide  of  jxitassium.  In  most  of 
these  cases,  water  eva]>orates  over  to  the  solid  body  and  dissolves  it;  but 
the  solution  does  not  mix  with  that  of  the  suit  previously  dissolved  Lu 
water.     (Faraday,  /.  of  Roy.  Imt.  1,  70;  also  Poij'j.  ID,  545.) 


p.     To  the  AJUnity  of  the  volatile  Substance  for  ani/  other  less  volatile  bodjf  mtk 
which  it  viay  be  combined. 

Substances  which  from  their  own  nature  have  a  strong  tendency  to 
assume  the  gaseous  form,  so  that  when  separated  from  other  bodies,  they 
exist  for  the  most  jwirt  only  in  the  state  of  gas. — often,  when  combined 
with  other  bo<lie8,  either  become  wliolly  uieapable  of  passing  into  tli« 
gaseous  condition,  or  undergo  that  chiinge  only  at  high  tem|>eraturc8, 
because  the  affinity  of  the  other  body  acts  in  opjxisition  to  that  of  heat. 

Oxygen  in  red  oxide  of  mercuiy,  peroxide  of  manganese,  and  otlnf 
metallic  oxides  requires  a  red  heat  to  c<:>nvert  it  into  gas :  so  also 
carbonic  acid  when    combined  with   lime   and  other  oxides  of   mei 
Most  metallic  oxides  do  not  part  with  their  oxygen  even  at  the  highe 
tenioeratures,  but  arc  partly  converted  into  vaprtur  before  reduction  and 
condense  again  to  the  state  of  solid  oxide  in  the  cold. 

Water,  which  when  pure,  boils  at  HM/,  exhibits  a  much  higher  boiling 

C*nt  when  aunbined  with  salts,  sulphuric  atiid,  phosphoric  acid  and  other 
i  volatJie  substances. 

The  fullowing  tabic  gives  the  boiling  points  of  various  aqueous  solu- 
tions according  to  Faraday  {Ann.  Chim.  I'hyg.  20,  321)  and  Griflitljs  {Qh. 
J.  of  So.  18,  90$  also  Pogg.  2. 827).— Column  A  contains  the  names  of  the 


>MK«T 

doata^l 


Baits  ;  B  ihi}  quantify  of  dry  Rait  Iri  100  parts  of  the  solution  (an  x 
denotes  that  tho  qtiiiiitity  hiis  not  bucn  determini'd) ;  C  Rhows  the  boihng" 
point  of  the  solution  ;  I)  the  name  of  the  obBerver  (F  =  Fiiraday,  G  == 
Griffiths). 
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Glauber's  salt   

Corrosive  sublimate  . . 
Cyanide  of  mercury  . . 
Cryst.  verdip-is  . .  . . 
Cream  of  tartar  .... 
Nitrate  of  baryta  . . . . 
Salpliate  of  potash   . . 

Acetate  of  lead 

Nitrute  of  lead 

Green  vitriol 

Blue  Titriol    

Sulpliate     of    copper 

and  potasb     

Boracic  acid  ....,,.. 
Chlorate  of  p<it«sh  . . 
Ferrocyan.  potass^iiim 
Oiahitc  of  aimnonia. . 
Cnrbtumte  of  soda  . , 
Chloride  of  barium  . . 

Altim., 

Sulphiite  of  ziDC  .... 
Oialate  of  potash. .  . . 
Phosphate  of  soda    . . 


B 

C 

Dl! 
G 

31-5 

100  B'  C. 

X 

1011 

G 

35 

lOM 

G 

16-5 

101-1 

G 

9-5 

lOfl 

O 

26-5 

lOM 

G    1 

1--5 

101-7 

G 

il-b 

101'7 

G 

525 

102  3 

G 

04 

102-3 

G 

45 

1U2-3 

G 

40 

102'B 

G 

* 

io;i-3 

G 

40 

103-3 

G 

55 

103-3 

G 

29 

103-3 

G 

* 

I04'4 

G 

45 

1044 

G 

52 

IOJ'4 

G 

45 

104-1 

G 

40 

104-4 

G 

X 

105-0 

G 

Borax 

Bitulphate  of  pataah 
Sulphate  of  ma^ne«ia 

Common  salt 

•I  ft     

Nitrite  of  itrontia  . . 

Neutral    tartrate    of 

potash 


Oialic  acid 

Sulphate  of  nickel 
Sal'Smmoniac. .  . . 


Nitrate  of  potash    . . 

Rochi-lle  vntt  ...... 

NitDite  of  loda  ..  . , 
AcetJite  of  »oJa  . .  . . 

Ctirb.  potusb    . .  sat. 

Piifaab sat. 

Nitrat.  anininiita  sat. 
Soda ttkt. 


B 

c 

52*5 

105-6 

X 

105-6 

57-5 

105-6 

30 

106-7 

Mt. 

109-0 

53 

lOfl-7 

68 

112-2 

sat. 

llfi-7 

int. 

112-2 

65 

112-6 

50 

ll.i-3 

•at. 

114-4 

74 

lt4-4 

sat. 

ii:.-6 

»0 

1 15-6 

60 

1190 

60 

124-4 

1400 

5- 

157-g 

t 

182-2 

■TT 

215-5 

I 


Biiiliit'j  jmntii  o/atjfieMJs  soludfms  according  to  Lc'grand  (ylno.  C^iim,  Phys. 
59,  423  ;  also  J.  pr,  Cln'iii.  6,  5(5.) — -The  following'  table  givuB  the  miniht-r 
of  parts  of  each  salt  disHolvod  in  lOU  jxtrts  of  water :  in  the  first  colnmn 
on  the  left  is.  jj^ivon  the  boiling  [x»int  coiTes]vtnding  to  this  proportion. 
Nitrate  of  ammnnia  was  emplnyed  in  the  crystallixcd  «tate,  and  common 
phospliate  of  soda  in  as  dry  a  state  as  possible  (but  not  ignited);  the  other 
salts  in  the  j^K-rfeetly  auliydrous  condition  ;  a  is  chhuide  of  calcium,  b 
acetate  of  jjntassb,  r  nitrate  i»f  aninioniu,  d  nitrate  of  lime,  e  »ini]ilc  carbon- 
ate of  ['Mita.sh, /  acetate  t>f  Hoda,  ff  nitrate  t»f  woda,  A  chloride  of  strontium, 
t  nitrate  of  p<itash,  Ic  .'^al-ammoniiiCi  I  neutral  tartrate  of  potasli,  m  chlonito 
of  potash,  n  common  salt,  o  chloride  of  [Kitnssinm,  p  ordinary  phoBphate  of 
Boda,  7  simple  carbonate  of  soda,  r  cldoride  of  barium.  The  ininiber 
under  a  horizontal  stroke  jj;ive.s  the  boiling  jxantof  the  saturated  solution. 
Tliis  table  has  a  practical  value :  for  by  nieana  of  it,  the  quantity  of  salt 
in  any  sotution  may  l>e  found  from  its  boiling  point. 
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Pwint. 

a 

b 

6 

d 

e 

/ 

9 

A 

j 

101' 

100 

10-5 

10-0 

150 

13*0 

9-9 

9-3 

16-7 

12-2 

102 

I6-5 

20-0 

20-5 

25-3 

22-5 

17-6 

18-7 

25-2 

26-4 

103 

21-8 

28-6 

31-3 

34  4 

31  0 

24-1 

28-2 

821 

42-a 

104 

25-8 

36-4 

42-4 

42-6 

38-8 

30-5 

37-9 

37-9 

59-8 

105 

29-4 

43  4 

63-8 

50-4 

46-1 

36-7 

47-7 

43-4 

78-3 

106 

32-6 

498 

65-4 

57-8 

53- 1 

42-9 

576 

48-8 

99-2 

107 

35-6 

55-8 

77-3 

64-9 

59-6 

49-3 

67-7 

54  0 

1190 

lOS 

38-5 

6ie 

89-4 

71-8 

65-9 

&5-8 

77-9 

590 

1406 

109 

41-3 

G74 

101-9 

76-e 

71-9 

62-4 

B8-3 

63-9 

163-0 

^^^^^^^■^^^^^ 

r 

^^^^^^H 

■         270 

^^^HHi^^H 

^H              Boiling 
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733 

114-9 

85-0 

77-6 

69-2 

98-8 

689 

185-9 
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46-8 

793 
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91-9 
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76-2 
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209-2 
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61-6 
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204-4 

117-5 
123-8 

102-8 
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2)26 

1 

121' 
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88-2 
08-2 
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864-0 
396-0 

172-2 
184-6 
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224-8 

■ 
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■ 

S2-4 

190-1 

4i0-2 

1970 

167-7 

209-0 

B                  130 

104-8 

213-0 

487-4 

209-5 

1781 

^^^H 

H                 1S2 
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110-9 
12S-5 

2306 
267-5 

537-8 
645-0 

222-2 
2481 

188-8 

I 

135° 
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136-3 

308-3 

770-5 

274-7 

205  0 

H         1^4 

14»4 

354-9 

915-5 

302-6 

^^^H 

H                 148 

163-2 

407-9 

1081-5 

333-2 

^^1 

H               162 

178-1 

467-6 

1273 

151* 

^H 

H                150 

194-3 

534-1 

1504 

362-2 

^^^1 

^M           i«o 

2121 

607-4 

1775 

^^^H 

^1                 164 

231-5 

687-6 

2084 

1 

^^^H 

H                108 
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252-8 
276-1 

7750 

1 

1 

169°; 
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301-4 

798-2 
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S36-0 

^^H 

■ 
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t 

I 
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Boilingr 

n 

o 

P 

'/ 

r 
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14-64 

Point. 

H                lUl" 

7-8 

26-9 

100-5- 

44 

4-7 

n-o 

7-5 

11-0 

^1 

13-9 

47  2 

2928 

101 

77 

90 

210 

U4 

l»-(i 

■ 

19-7 

65-0 

4S-92 

101-5 

10-8 

13-2 

31-0 

20-8 

261 

H                1U4 

352 

62-3 

58-56 

102 

18-4 

7  1 

40-8 

26-7 

3as 

102-5 

16-B 

209 

60-3 

S3-0 

S8-4 
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SO-6 

100-1 

104-20: 
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18-3 

24-5 

59-4 

36-8 
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118-5 

615 
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20-7 

2R0 

68-1 
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231 

314 

7U-4 

41-7 
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168-5 

1 

47-9 
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176-1 
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84-3 
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27-7 

S7-H 
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In  a.  similar  manner,  the  boiling"  point  of  alcohol  is  raised  by  mixiug  it 
with  water,  aiul  timt  of  ether  by  niixin)r  it  with  alcohol.  (Cnmp.  MugTHts, 
PoffSf  3H,  4H7.)—\u  liki'  iiiaiuier,  ])«'nnaTn.'nt  pafics  eombidfd  with  water 
and  other  liijuidu  rcqiiLiu  an  elevatioii  teiii[)eFatiire  or  diiiuuution  of  pres- 
Bure  to  make  thetii  ortoajx'.  Li  tluK  action  iiu  anomaly  is  obfterved  pro- 
ceeding from  a  kind  of  slnp^ishne.ss  (like  that  described  pp.  i)—li),  viz., 
that  the  gases  do  not  eBoipe  at  once  tn  the  qiiantitius  whieh  might  bo 
exjjected  under  the  given  cireumatances,  but  that  their  efleajw  is  favoured 
by  agitation  or  by  the  immerHioii  of  aolid  1  todies,  partietilarly  of  sueli  as 
have  shaqj  angles,  e.y.,  glass  rods,  wires,  metallic  filingK,  Bilver  leaf,  eand, 
sugar-dust-  The  fonuation  uf  g-aK-bubbles  up]>ears  always  to  prociied 
from  the  sohd  bodies  and  from  the  sides  of  the  vessel,  luid  never  froifl 
the  interior  of  the  liquid,  as  if  the  contact  of  a  solid  body  were  essential 
to  the  fonnation  of  gtis.  Many  solid  bodies  may  however  act  by  means 
of  air  adhering  to  them,  which  is  either  itself  absorbinl  by  the  liquid 
and  drives  tnit  ihe  other  gas,  or  «-1kc  stqtjlies  the  first  bubbles,  which 
then  incrca.'^e  in  volume  by  attracting  the  other  gas.  (Compiire  Oerstedt, 
N.  Gnhl.  1,  227;  Liebig,  Ann.  Pfuinu.  3li,  13;  Schiinbcin,  Poijfj.  40,  382.) 

Evuporalioii,  Dnjimj,  or  JJtvicratioti,  and  in  many  cases  Catdnation, 
Eoasttntf,  or  Tarrefitctton  are  operations  tlie  object  of  which  is,  for  the  most 
part,  the  separation  of  a  more  vfdatile  (in  the  case  of  evajMjratiou  and 
drying  it  is  a  liquid)  from  a  less  volatile  substance.  That  these  ojK'ra- 
tions  proceed  rnost  quickly  in  va<.;uo  will  be  understood  from  tliat  wliich 
iiumediately  follows. 

B.  Phenomena  accompanjring  Vaporization. 

a.  Time  in  irfiich  if  takes  place. 

The  rapidity  of  vaiiorizalion  is  gi"eater,  the  stronger  the  afBnify  of  the 
ponderable  body  for  lu-at,  the  higher  the  tvinjw  rat  lire,  and  the  less  the 
resistance  which  the  surrounding  envelope  offers  to  the  expansion  of  the 

gas. 

In  a  vacuum,  vap<irizatioii  takes  place  almost  instantaneously,  whatever 
may  be  the  nature  of  the  substance  :  water  boils  in  vacuo  at  20° ;  in  so  far 
however  as  heat  is  necessary  to  the  produrti<»ii  of  Vapiuir,  the  vajHtrization 
of  the  body  may  be  retarded  as  its  temp4.rature  gets  lower.  In  a  space 
filled  with  air  or  any  other  gaw,  va[)orization  cannot  take  place  instan- 
tanetnisly,  unless  the  substance  is  cn]mble  of  producing  vap4Hir  of  great 
elasticity  at  the  given  tenq)erature,  and  sufficient  beat  is  present  for  the 
production  of  that  vapour.  Liquid  carbonic  acid  va]x>rizes  almost  instantly 
in  the  air,  to  within  about  J  nf  the  whole,  which  Bolidi1ies(so  that  accordhig 
to  Tiiilorier,  1  gramtne  of  this  liquid  produces  on  ofiening  the  vessel  an 
explosion  as  violent  as  that  of  1  giiirntue  of  gunpowder);  but  34()  grains 
of  solid  carbonic  acid  eX|Hised  to  the  air  at  -f  25"  lose  only  3  or  4  grains 
per  minute,  and  do  not  wholly  disappear  in  less  than  34  hours  (still  more 
slowly  when  wrapfnd  up  tn  cotton.)  (Mitchelb) — The  liquid  acid  already 
indeed  contains  a  large  jiortion  of  the  heat  of  lluidity  required  for  its  con- 
version into  vapour,  and  iiion*over  contains  a  larger  (juantity  of  sensible 
heat,  inasmuch  as  it  takes  the  temperature  of  the  vessels  in  which  it  is 
cnclos«'d, — the  solid  acid  on  the  contrary-  must  take  all  its  heat  from  the 
surrounding  bodies.  All  exiilosions,  detonations,  and  fulminations  arise 
from  a  sudden  formation  of  gas  brought  about  by  great  affinity  for  heat 
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anil  a  hiprh  femperatnre,  the  resiatance  of  the  Bnrrnnnding  envelope  being 
oompletely  overpowered.  Since  nitrog'cn,  when  it  sejiarates  from  it*, 
combinations  and  assiunes  the  gaseous  state,  produces  the  most  fearfnl 
explosions,  even  when  nn  preat  rise  of  tempenitnro  takes  place  (f.g.,  in 
the  deconfjpositioii  of  chloride  of  nitrogen)  a  peculiarly  groat  affinity  for 
heat  must  bo  ascrituxl  lo  it. 

If  on  the  other  hand  the  tension  of  the  nascent  vapour  ia  less  than  the 
pressure  of  the  external  air,  80  that  the  va]X)ri/.nti()n  can  only  proceed  by 
means  of  the  adhesion  of  the  existing  gas  to  that  which  is  in  conrse  of 
formation,  then — since  the  i>ortion  of  air  which  in  in  contact  with  the 
vaporizing  body  cjiti  only  bo  charged  with  the  nascent  vajjotir  in  the  same 
proportion  as  a  vacuum — the  rate  of  evaporation  will  be  determined  by 
the  rapidity  with  which  the  particles  of  the  existing  gas  are  renewed  on 
the  surface  of  the  vapwzing  body,  and  wifl  tJierefore  be  very  slow  in  a 
state  of  rest,  bvit  <]uicker  in  proportion  to  the  facility  with  which  the 
existing  gas  is  renewed. 

b.  Situation  in  ichich  the  formation  of  Gas  or  Vapour  takes  place. 

The  vaporiz4\{inn  of  a  body  takes  p1ac«  in  that  particular  part  iu  which 
the  conditions  of  vaporixatiou  are  completely  fulfilled. 

If  a.  IwhIv  is  very  volatile  and  contains  a  quantity  of  heat  sufficient  to 
convert  it  into  gas,  it  instantly  asaunies  the  gaseous  form  throughout  its 
whole  mass,  as  so^m  as  tiie  external  preHsure  allows  of  such  a  change. 
Liquid  carlHJtiic  af:id,  sulphuretted  hydrogen,  and  chlorine  are  inst&iita- 
neonsly  converted  into  gsis  with  a  kind  of  explosion,  as  soon  as  the  vessels 
containing  them  are  opened. 

Wlien  a  less  vofiltile  body  is  heated  from  vvithowt  to  increase  its  tend- 
ency to  assume  the  gaseous  form,  the  fi->nijiutioii  of  va|Kiur  takes  place 
priiicipiilly  at  that  part  where  the  heat  entcrH ;  and  when  the  heating 
takes  place,  not  from  above  but  from  tlie  bottom  and  sides,  and  the  heated 
body  is  liquid,  the  vapour  as  it  is  produced  rises  in  bubbles  through  the 
Uquid  and  produces  the  phenomenon  of  Boiling  or  Ebuifition,  These  bubbles 
of  vaytour  have  the  peculiar  property  of  Inung  almost  always  evolved  from 
the  surfiwjes  of  solid  bodies,  either  the  sides  of  the  vessels  or  bodies  6nftt- 
ing  in  the  hquid  : — the  edges  and  angles  of  such  bodies  present  peculiar 
faciUties  for  the  evolution  of  gas. 

When  vaporisation'  takes  f)lace  only  from  the  surface  of  a  body,  either 
because  the  heat  has  access  to  that  part,  or  l)ecansc  the  evolution  of  gjia 
tak(^  place  thniugh  the  metlium  of  a  gas  already  present,  the  action  rain 
only  bo  recr)guiz(.'d  by  the  diiniiiution  iu  bulk  of  the  body;  it  is  then  oaUed 
JEvajxyratiim. 

e.  Ahsorption  of  Heat. 

As  in  liquefaction,  so  likewise  in  the  formation  of  gas  or  vapour, 
heat  which  enttrre  into  combination  with  ponderable  bodies  passes  into  a 
stale  in  which  it  is  insensible  to  the  feelings  and  to  the  thermometer. 
Any  given  substances  absorbs  the  fame  quantity  of  heat  to  form  gas  or 
VBjMiur  of  a  given  densitj',  whether  the  vaporization  takes  plaoo  quickly 
in  vat^uo  or  more  slowly  in  a  space  previously  filled  with  another  gns ;  in 
the  latter  case,  however,  the  reduction  of  tem|)erat«re  is  never  so  great  as 
in  the  former,  Ivcaiisc  the  heat  has  more  time  to  enter  from  without  and 
supply  the  pla«^e  of  that  whkji  liss  beof»me  latent, — ancl  secondly,  Ihh 
th<'  other  gas  already  present  gives  up  a  p<irtion  of  its  free  heat  t« 
whidi  la  being  fonncd— an  effect  which  cannot  take  place  in  vacuo. 
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Solid  carbonic  acid  produces  in  vacuo,  when  the  external  temperaturo 
is  30^  a  culd  of — 93'3";  a  pasty  mixture  of  the  same  witii  alcohfi!  reduces 
the  teniiJoratTirc  to  —92",  and  with  otbor  to  — UU".  (Mitclifll). — CVjtton 
moistened  with  suljihidc  of  carbon  and  wrapjied  round  a  thcnnometcr 
lowers  it  in  vacuo  fr«'>m  +  16°  Ut  —  GS".  (Murcet.)  Liquid  sulphuroua 
acid  produces  in  vacuo  a  tempcratiu'e  of  —60^  (De  la  Rive,  Poffg.  15, 
[526.)  20  grurnnioB  of  mercury  placed  in  a  watch-pi'lass  under  the  receiver 
,of  an  air-pump  in  contiict  with  an  e<]u:d  quantity  of  Uquid  Bulphurous 
acid  freezes  in  five  minutes.  (BuBsy.) — If  thf  formation  of  gas  in  a  sjuice 
devoid  of  air  \)c  continually  renewed  by  the  introduction  of  a  eubetjuice 
i  which  will  unite  with  the  vaporized  body  and  form  a  non-gaseous  coin- 
prtund,  great  dcgrecH  of  cold  may  be  produced  even  with  enbstauces 
*^  which  are  not  veiy  volatile.  Water  placed  hi  a  capsule  near  a  haKiii  <if 
oil  of  vitriol  in  a  vacuimi  is  soon  converted  into  ice ;  well  dried  fxrnvfler 
[of  trap-p<^)rphyry  or  oatmeal  will  produce  tljc  same  effect  as  oil  of  vitrioL 
(LcaUe.) — At  a  teniperatiu*e  of  -\-  15°,  Contij^liachi  produced, — hy  Hur- 
jrtmndiug  a  thermometer  with  cottfm  moistent^d  with  varioue  IkphdH  and 
[introducing  it  into  a  vacuimi  m  wliich  there  was  also  a  vcesel  containing  oil 
[of  vitriol, — with  water  a  tomftorature  of  — 41"2/>'',  with  ether  —51°,  with 
^alcohol,  —37-5^  with  nitric  ether,  — 31-23°,  and  with  hydrochloric  ether, 
—  30*.  In  the  same  manner,  Graham  (A-Air.  55,  188)  ftbtained  with 
'"water  a  tom]ierature  of  —14°,  and  with  alcohol  (or  a  mixture  of  3  j)art8 
alcohol  with  one  part  water,  which  acts  etimilly  well  because  the  water 
renders  latent  a  larger  quantity  of  heat),  a  temperatmre  of  —31°.  {Cotfip. 
Dove,  Pof/^.  19,  31 H.) 

Wollaaton's  Crijuphonta  {Ann.  Phil.  2,  230$  also  Gilb.  52,  274)  am- 
sistH  of  two  glass  bulbs  connected  by  a  tube — exhausted  of  air  and  con- 
taining a  little  water.  If  all  the  water  be  made  to  pass  into  one  of  the 
bulbs,  and  the  empty  bulb  immersed  in  a  freezing  mixture  so  as  to  con- 
geal thevaptmr  contiuned  in  it,  the  water  in  the  other  bulb  will  be  frozen 
in  consequence  of  the  rapid  fvaporation  which  ensucB. — IVrkin's  xkpparatus 
for  cooling  water  for  household  uses  by  the  evaporation  tif  ether,  in  such 
a  manner  that  the  ether  is  not  lost,  acts  on  similar  principles.  (Ann. 
Pharm.  22,  214.) 

On  oj)ening  the  stop-cock  of  an  iron  vesfiol  containing  liquid  carbonic 
acid  ami  directing  the  stream  of  vaporizhig  acid  by  means  of  a  naiTow 
tul»e  into  a  hollow  Sfihere,  the  latter  quickly  beconies  filled  with  carbonic 

I  acid  solidified  like  fiakcs  of  snow,  the  temj)crature  falling  to  -100°. 
The  stream  directed  on  the  bulb  of  a  spirit-thermometer  cools  it  to  —00"; 
but  it  will  not  free?*  more  than  a  small  quantity  .of  merctiry,  whereas 
the  stream  of  gas  produced  by  a  mixture  of  carbonic  acid  and  ether  soon 
fi-eezes  50  granmies.  (Thilorier.)  When  the  hqviid  carbonic  acid  is  eu- 
iclosod  in  a  strong  glass  tube  closed  with  a  brass  cock  and  tube,  a  violent 
motion  of  the  liquid  is  observed  on  opening  the  stop-cock  ;  |  of  the  car- 
bonic acid  remauis  frozen  in  a  dense  but  yet  porous  mass,  and  cxhibita  at 
the  moment  of  freezmg  a  tcmix;rature  of  — fi5''.  (Mitchell.) 

When  a  body  passes  to  the  gaseous  state  in  a  8j)ace  aheatly  filled  with 
another  gas,  and  at  a  temj)erature  at  wliich  the  tensitin  of  the  gas  in  jiro- 
cess  of  formation  is  less  than  that  aheatly  exiKtiug,  the  cold  produced  is 
greater — the  stronger  the  tendency  of  the  substance  to  assimie  the  gaseous 
form — the  greater  the  quantity  of  heat  required  for  its  conversion — the 
greater  the  rartjfaction  of  the  existing  gas,^ — the  smaller  the  quantity  of 
tJie  other  gtis  already  contained  in  it  (if  it  be  already  satmatcd,  no  fmlbcr 
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vaporization  and  therefore  no  further  cooling  can  take  place) — aud 
more  it  is  set  in  iiiutiou. 

Wlien  va|K)ri'Aiitioii  takcB  place  in  the  open  air  below  the  boiling  point, 
the  niaxinium  of  toolinj^  is  produced,  as  snon  as  the  Quantity  of  heat  ren- 
dered latent  by  the  procx'ss  becuniCB  equal  to  that  which  the  air  gives  up 
in  order  to  place  itself  in  oquilibrin,  tis  regards  pressure  and  ten^ieratore, 
with  the  gas  in  course  of  forniiitiou,  +  the  quantity  supplied  from  with- 
out (this  however  may  be  neglw;ted  when  Ihe  diffcn-nce  does  not  exceed 
a  few  degrees).  Gay-Luasac's  fonmila  for  calculating  the  lowest  tem- 
]Kirature  attainable  in  this  manner  will  1«  fimtid  ui  the  Ann.  Chim.  Pky*. 
21,  82.— If  air  dried  by  ehlonde  of  calcium  under  a  pressure  of  O'TG" 
metre  be  directed  on  a  thenuonieter  bulb  surrounded  with  baptist,  aud  the 
baptist  be  moisteued  with  water,  the  following  degrees  of  cold  wUI  be 
produced : 
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18 
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22 
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6 
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14 

10-44 

23 
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6 

7-59 

16 

10-82 

24 

14-30 

7 

7-92 

16 

11-20 

25 

14-70 

8 

8-26 

17 

11-5S 

Wlieu  the  external  pressure  to  whieh  the  air  is  sabjected  atnnunts  tu 
only  0'6y  metre,  a  cooUng  of  10'5  takes  place  at  l^'A",  and  at  0'5  metro 
it  amounts  to  12"  at  the  same  temj)eraturo.  According  to  the  preceding 
table,  dry  atmnsplieric  air  wuiild  cause  the  freesung  of  water  at  8'';  but 
Bincc  commorj  air  enotaiiiH  a  large  quantity  of  vnpour  of  water,  the 
freezing  of  water  usually  enmim-nees  at  about  2'^;  it  is  only  on  high 
inoimtauis,  where  the  air  is  dryer  and  rarer,  that  congelation  takes  place 
at  highir  temjx»ratiu-e8.  (Gay-Ltissac.) — A  wet  linger  ex[K)sed  to  the  air 
becomes  coldest  on  the  side  fnnn  witich  the  wind  blows. — All:<tra:a^  a 
jxirons  w^ater  jug  in  which  the  water  whieh  exudes  thrtiugh  the  fiorea 
cvnjK")rateB  and  thus  c<x»l»  that  which  remains.— The  production  of  i(x*  in 
India  {VreU.  Chtm.  J.  1,  197)  is  accorcUng  to  Wells  (.sV/*m-.  22,  187)  ajiJ 
D.  Seott  {Kilinh.  J.  of  Sc.  8,  21G;  also  Sc/nc.  52,  372)  an  effc-ct  nut  so 
niiicli  of  cixjling  by  evajxiration,  as  of  radiation  towards  empty  s{>ace  tlio 
tenqieratiu-e  of  which  is  very  low. 

The  I'sychrometer  of  August  (Pogg.  5,  69  and  385 ;  14,  139)  is  an 
instrument  for  defeitninhig  the  hygrometric  state  of  the  atmosphero. 
Two  small  thennometers  n,  b,  are  placed  near  one  another,  one  of  Ihcm 
6  lx<ing  covered  with  wet  muslhi:  its  temix-rature  beci'Mies  lower  than 
tliat  of  a,  in  prop«irtiot»  as  the  air  is  drier  and  more  water  evafioratea. 
The  difference  of  the  temjieratures  indicated  by  «  and  A  l»eitig  multiplied 
by  2,  and  the  product  subtracted  from  the  ten4KTatui"c  dt'Uoted  by  a,  the 
remainder  shows  the  temperature  at  which  the  aquoouB  vajiour  in  the  air 
will  c/>ndenw\ 

If  a  thin  glass  bulb  c<w»1aining  water  Vm?  surrounded  with  lYitton, 
ether  dp-<pj>ed  <jn  the  ct>tl<in  and  a  slream  of  air  directed  on  it,  the  water 
will  freeze  in  a  few  minutes.  If  the  bulb  of  a  meKurial  thermometer 
be  wrajijied  up  in  cotton,  then  liquid  sulphurous  acid  dropjied  on  the 
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c<"»tton  and  the  infitrument  mover!  about  in  the  air,  the  mercury  gradually 
sinks  to  -  3G°,  then  falls  Buddenly  into  the  bulb  and  freezes.  (Bussy, 
J.  Pharm.  10,  202;  also  Schw.  41,  451.)  Half  an  ounce  of  mercury 
placed  in  a  watoh-glstss  and  covered  with  liquid  sulphurous  acid,  freezes 
when  blown  upou  with  a  pair  of  bellows.  (W^ach,  Schw,  5(1,  24.)  Solid 
carbonic  acid  ruovcd  ubuut  in  the  air  producoa  a  degree  of  cold  amount- 
ing^ to  -  72'2°:  if  it  be  mixr>d  with  ether  the  teuiperature  falls  to  — TG"?"; 
on  blowing  on  the  liilxture  it  is  further  reduced  to  —79",  Mercury 
iinnierHed  iu  solid  carl»onic  acltl  in  the  npen  air  frezes  in  a  few  secoiuk; 
in  a  mixture  of  solid  carbonic  acid  and  ether,  it  freezesjnstantly.  Liquid 
carbonic  acid  enclosed  iu  a  tube  may  uIho  Im?  solidified  by  itnmersion  in 
such  a  mixture ;  the  frozen  iMWtion  ftinkw  to  the  bottimi'of  that  which 
Fitill  reniaina  liquid,  till  the  whole  beconu's  frozen  into  a  compact  mass 
like  that  usuidly  formed  by  solid  carbonic  acid.  (Mitchell.) 

When  a  btnly  is  heated  iu  the  air  to  itn  boiling  point,  its  temperature 
cannot  be  raised  higher  by  anj'  furtlier  addition  of  heat,  tiecanse  ail  the 
heat  which  afterwards  enters  the  body  coziibines  with  it  to  form  a  gas 
and  tbuH  becomes  latent.  The  vaporizing  body  remains  coiiHtantly  at 
tbe  boiling  temj>erature,  and  the  vaf>our  produced  has  iikewise  the  same 
temix?rature,  provided  no  more  beat  be  gubseijuently  addi-d  to  it.  This  iH 
tlie  priueij)l(;  of  the  Water-hnih,  Bahienm  Afnrijf  h,  Mayine,  a  covered 
vessel  in  which  water  is  bctited  to  the  boiling  \xAni :  the  cover  has 
nj^erturert  in  it,  into  wliieh  a  nuitd)er  of  vessels  are  inserted  so  as  to  dip 
either  into  the  water  or  into  tbe  steam;  tbey  are  thua  ex|wiRcd  to  a 
iinifitrm  temperature  not  exceetling  100".  If  a  lower  tenifK-rature  lie 
required,  spirit  of  wine  of  variou«  strengtliH  may  be  u«cd;  higher  tem- 
jKinit  ures  may  be  obtained  by  means  of  solutions  of  chloride  of  calcimn  of 
various  degrees  i»f  concentration. 

Variatituis  in  the  temjierature  of  a  body  heated  to  ebullition  may  be 
produced  by  the  followuig  canscfi. 

1.  By  cliange  of  atmospheric  pi*easure. 

Par.  inchca        26  205  27  27-5  28  28'5  29 

Boiling  point    98-366'      »8-775°      fiO'lSS'      »9'592°      11)0         100-408°        lOO-S?" 

Ib.'no'  the  difference  for  each  inch  is  about  0*817"'-  (Graham.) 

2.  If  heat  be  ap[)lied  to  the  lower  part  of  a  liquid,  sueli  as  water, 
contained  in  a  deep  >c8sel,  the  heat  must  rise  to  a  higher  degree  at  this 
lower  part  before  bul>bles  of  vapour  can  be  deveIo|K'd> — because  their 
elastic  fore^^has  to  overeouHv  not  only  the  ntmo.iipheric  pressure,  but  like- 
wise that  of  the  RU|K.'rincunibeut  column  of  liquid,  t'nder  a  cfilunm  of 
water  10  metres  high  (=  1  atmosphere)  water  cannot  boil  below  122°; 
but  in  passing  up  through  the  hquid,  the  va|>our  expands  and  l>ec(Hiie8 
CO<der,  80  that  when  it  escapes  at  thesxu'face  it  has  a  temperature  of  100°. 
(Gay-Lnssac.) 

3.  Since  the  formation  of  gas  in  a  mass  of  liquid  takes  place  prin- 
cipally at  the  edges  of  any  solid  bodies  which  may  be  contained  in  it,  it 
follows  that,  when  no  such  edges  are  present,  the  heat  nmst  accunnilate  in 
Bomewhat  greater  quantity  before  the  bubbles  can  fonn :  hence  the 
boiling  [Kiint  of  a  liijuid,  <?.  g.  water,  is  lower  by  some  tenths  of  a  degiee, 

\1\°  at  most,  and  the  l)oiling  goes  on  more  unifonnly  and  less  by  fits  and 
IfltartB,  when  the  surface  of  the  vessel  is  uneven,  or  when  metallic  powders. 

Slings,  or  wire  are  introduced,  or  when  the  liquid  is  agitated.  (Achard, 
}Schw.   27,    27; — Gay-Lussac,    Aun.    ('Mm.    82,    174;    Ann.    Chim.    Pfti/s. 

7^  307: — Muncke,  Qilb.  67,  215.)     Water  boils  in   metallic  vessels  at 
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100°,  JD  p^lass  vessels  at  101 '33°;  but  in  the  latter  caBO,  the  vapour  wliich 
rises  has  a  temperature  of  only  100°,  the  higher  boilhig'  jxtint  tteing-  pro- 
bably due  to  a  greater  adheBion  of  ^lass  to  water.  (Rudberg,  Poffg.  40, 
49.)  Ether  of  0'766  ep.  gr.  wliich  boiled  at  44-4°  C.  in  a  glass  Oaak, 
required  a  heat  of  65*5°,  and  sometimee  even  79°,  to  make  it  boil  in  a 
glass  tulw?  closed  at  jthe  bottom  and  immersed  in  hot  water  (in  the  latter 
case  it  could  not  move  ho  freely) ;  metallic  fihngs  or  wire,  fragments  of 
glass,  or  poimded  glaae  lowered  the  boiling  jwiut  to  51°;  if  the  liquid 
had  ceasod  to  boil  at  tliis  temperature,  the  ebullition  was  reproduced  oo 
the  introduction  of  Hhavings  or  8|>linter8  of  wood  (these  however  most 
likewise  have  aeted  by  means  of  ihc  air  wIjilIi  eRca[»ed  from  their  pores, 
Gm.).  Similar  n-KuIts  were  obtained;  with  alcohol  and  water.  (Bostock, 
Ann.  Phil.  25,  106.)  Watery  liqmA'S  heated  to  the  boiling  point  and 
then  removed  from  the  fire,  exhibit  fresh  ebullition  on  the  introduction 
of  solid  bodies,  only  when  a  ])f;rmanent  gas  likewise  comes  into  play, — 
Kicause  the  mixtiue  of  watery  vapour  and  pennanent  gas  sustains  the 
pressure  of  the  ntinosjjhere  at  a  temjA-rature  below  100°.  Pure  boiled 
water  evolves  no  bubbles  of  vajjour  on  the  introduction  of  platinum  wire, 
but  nevortheleea  boils  up :  so  also  doen  pure  water  which  still  contains 
air,  on  the  irijiuersirtn  of  a  platiniun  wire  which  has  l»een  fix<ed  from 
odliering  air  by  previous  boiling.  The  same  phenomenon  is  exhibi<<'d  by 
water  freed  hvm  air  on  the  introduction  of  a  metal  wire  having  air  still 
adlicring  to  it ;  and  more  violently  on  the  introduction  of  a  piece  of 
wood;  also  by  water  contaiuing  from  -^-^tts  to  -j-ttr  ^^^  sulphiuic  or  other 
adds,  on  the  iuimersionof  iron  or  other  nietala  which  dcvelofic  gas  by  the 
action  of  the  acid,  or  on  the  introduction  of  calcspar.  (Schonbein,  Poyg. 
41),  391.1 

4.  Many  foreign  bodies  produce  precisely  the  opposite  effect  on  iho 
boiling  point  of  a  liquid :  they  cause  ati  accumulation  of  heat  in  the 
liquid,  and  thus  raise  the  temperature  far  above  the  boiling  point, — till  on 
a  sudden,  this  excess  of  heat  is  expended  in  the  formation  of  vapour, 
which  not  only  causes  a  rising  and  projection  of  the  liquid,  but  also 
occasions  violent  noisy  agitation  and  often  fracture  of  tno  cuntaiidng 
vessel.  Upon  this,  the  liquid  giws  on  boiling  but  with  continually  dimi- 
nishing force ;  and  at  length  comes  to  rest  and  remains  tranquil,  till  a  fresh 
acx'ujnulation  of  heat  causes  the  same  action  to  be  reppated.  This/uwip- 
ing  ebullition  occurs  m  wattir  c^nitaining  sulphate  of  jxitash  in  greater 
quantity  than  it  is  able  to  dissolve,  in  oil  of  \itriol  which  conUiius  even 
a  snuill  (£uantity  of  sulphate  of  lead  in  the  state  of  jiowder,  and  in  nitric 
acid  containing  crystals  of  nitrate  of  silver.  The  presence  of  fat  oil, 
aco<}rding  to  Scrymgeon,  raises  the  boiling  pobt  of  water  some  dogrowc 
and,  aooordiug  to  Magnus,  a  layer  of  volatile  oil  on  the  surfttce  of  wntrr 
causes  a  rise  of  tenjperature  of  10"  above  the  boiling  point,  aoconipauie<l 
\vy  violent,  perc\jssive  ebullition,  which  however  |>a«se8  into  quiet  boiling 
aa  Boon  as  the  layer  of  oil  becomes  broken  by  bubbles  of  vapour.  Water 
holding  salts  in  solution, — €.g.  neutral  tartrate  of  jiotash,  and  mor«eBpe- 
cially  caustic  jiotash — has  a  great  tendency  to  become  overcharged  with 
III  :it.  so  that  the  hqiiid  tlows  over  when  stimtl.  Tlie  presencie  of  metal 
lilm^-H,  wire,  or  cuttings  tends  to  prevent  irregidar  ebullition,  inasumehas 
mi-tullic  points  fueilitnte  the  formation  of  bubbles;  but  according  to 
Li'grjuid  (Ann.  Chim.  J'fitfg,  59,  426),  platinum  is  not  nearly  so  eRic^doua 
a»  zinc  or  iron,  uictals  in  fact  wltich  decompose  water, — although  tho 
y.inc  [;lacf'd  in  saline  solutions,  under  such  circumataucca,  is  uol  scnaiUly 
diuiiuished  but  only  slightly  tarnished. 
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When   a  volatile   body  has  its  boiling'  point  raised  by  combinatioD 

witlj  a  loss  volatile  subBtance,  the  vajxiiir  at  tho  nuiuiftit  of  its  formation 

likewise  pns&ese<.'8  tho  higher  t^^mjxjratiire,  but  qTiiokly  cooIh  down  tn  tho 

ordinary  boihng  |X)iut  of  the  body :  e.  g.  vapmr  of  water  evolvt-d  from 

^boiUag  ftaline  solutions.  (Gay-Lusaac,  Ann.  Chim.  Phys,  20,  324;  7H,  420.) 

-Pambour    {Jahrab,    19,    55).      Act^ordirig    to    Faraday    {Ann.    Chim. 

^hy«.  20,  325)  aiid  B.nSberg  {Pogg.  34,  257)  the  vapour  of  water  evolved 

roin  lK)lhng  saline  solutions,  even  from  a  solution  of  chloride  of  cjilcium 

?hich  boils  at  150",  has  always  the  ttimperature  of  100°. 

When  a  volatile  liquid  is  situated  at  the  liottom  of  a  less  vfJatilo  one 
[■with  which  it  does  not  niix,  its  iKiiliirg  pf»int  it*  Honiewhat  raised  in  pro- 
IportioQ  to  the  jiroHHure  oxprtcd  by  the  uptxT  licjuid  ;  but  tlie  tetnfxifature 
lof  the  vapour  bubbles  which  rise  from  the  lower  through  the  U|tper  lii|uid 
lis  below  the  boiUug  point  of  the  luore  volatile  body,  because  its  va[xmr 
[Tbecomes  mixed  to  a  certain  extent  witli  that  of  the  upi.xjr  liciuid  (tho 
|temperaturc  of  which  is  somewhat  higher  than  that  of  the  lower)— so  tliat 
|the  mixed  vapour,  by  virtue  of  the  sum  of  its  tensions,  is  able  tn  baUvTiee 
[the  pressure  of  the  air  at  a  somewhat  lower  tcmi>erature.  Tims,  tho 
[boihng  point  of  sulphide  of  carbon  situated  Im'Iow  a  layer  of  water  is 
|47°,  and  the  tempc-rature  of  the  mixed  vapour  iS'ti";  the  temperature  of 
l-water  boiling  under  oil  of  turpentine  is  102'',  and  that  of  the  mixed 
raponr  94-5'^.  A  vulatile  liquid,  situated  above  a  less  volatile  one,  <-.  <j. 
water  above  raercurj',  boils  at  the  same  tempei-aturc  aa  when  aloue. 
(Magnus,  Pogg.  38,  481.)  Camp,  Licbig  (Pogg.  24,  277) — Gay-Luseao 
I  {Ann.  Chim.  Pht/s.  49,  393  ;  50,  111). 

LeifUn/rosVs  Expetiment.     \V\wn  a  volatile  liquid  is  dropped  on  a  sur- 
face heated  to  redness  or  a  little  below,  it  does  not  adhere  tn  the  surface,  but 
Bwiius  upon  it  in  a  glolvular  fniin  :  neither  does  it  become  heated  to  its  boil- 
ing pfFiJit ;  but  diminishes  slowly  in  C4UJHe(]ueiice  of  the  funnatirtn  of  viiporu", 
which  escapes  between  the  heated  surface  and  the  liqni<i,  and  likewise — 
when  the  quantity  of  liquid  is  considerable — escapes  in  bubbles  through  it. 
When  the  temperature  of  the  surfitco  fails  to  a  certain  point,  the  liquid 
c«>rat^a  in  contact  with  it,  boils  with  violence,  and  is  rapidly  converted 
into  vapour.     The  surface  may  consist  of  platinum,  silver,  copper,  iron, 
and  other  metals,  or  of  glass  or  porcelain  ;  hut  tlie  lower  its  cimductiiig 
'power,  the  more  strongly  must  it  bo  heated.     The  exjyeriment  succeuda 
with  sulphurous  acid,  etlier,  akxihol,  water,  oil  of  vitriol,  and  mercury ; 
'the  higher  the  boiling-]joint  of  the  liquid,  the  more  strongly  must  the  sur- 
'faco  be   heated.      A  small  platinum   crucible,  strongly  ignited   over    an 
I  Argatid  spirit-lamp,  may   be   gradually   filled   with  water  to   the   brim. 
Melted  slags  falUng  in  drops  upon  water  swiin  for  some  time  on  the  siir- 
jface  in  a  state  of  incandescence,  and  then  sink  with  a  hissing  noise.  (E'\ua- 
[day.^    Alcohol  dropped  on  an  almost  boiling  mixture  of  alcohol  and  oil 
[of  vitriol,  swims  njHin  it  in  globules,     PoUish  and  its  salts,  likewise  char- 
coal powder  or  ink,  added  to  the  water,  interfere  with  the  pheiionx'notj, 
according  to  Pouillct.     The  same  apj)earance  is  presented,  according  to 
Delatre   «&    Boutigny,   by    sulphurous   acid,    water,    aud  ether,    even  in 
vacuo.     If,  on  tlie  other  hand,  a  heated  glass  tlask  containing  ether  in 
this  pecuLar  floating  condition  be  stopi)cd  with  the  finger,  and  the  forma- 
[tion   of   vapour   thereby    preventc<l,  tho   phenomenon   will  Ix;   arrested. 
[(Dcsmarest.)      Liquids  in    this   state   are   not  resolved   into  permanent 
3B,   but  evajxirate   unchanged.     On  connecting  the  metallic   Burfac« 
one  jK)lc  of  a  simple  galvanic  circle,  and  the  liquid  with  the  other,  it 
'1b  found,  according  to  Poggcndorff,  that  no  electric  current  passes, — aud 
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cousequently,  the  liquid  and  the  heated  surface  are  not  in  contact. — ^Tbe 
heat  wliich  radiates  from  the  heated  surface  undoubtedly  produoes,  before 
the  surface  and  the  Uijuid  can  oome  into  immediate  contact,  a  quantity  of 
vapour  Bufficieut  to  supjxjrt  the  liquid;  and  this  vapour  iK-iug^  continiially 
renewed  prevents  tlie  liquid  from  tuuchiug  the  surface,  and  thus  intercepts 
the  more  rapid  transmission  of  heat  hy  conduction.  [^Compare  EUer  (//«/. 
deTAcad.  de  Bai.  1741),  42),  wh<t  ap^jears  to  have  been  the  Orst  to  ob- 
aerv'e  the  effect;  Leideiifrost  (i^e  a/jiuv  comin.  qualitatibus.  Duisb.  1756); 
Klajiroth  (Schcr.  J.  7,  t>4(j) ;  Muncke  {Poffff.  19,  514) ;  Faraday  (Qw.  J. 
of  Sc.  N.  S.  3,  221);  Buff  {Pogg.  25,  591";  al«o  Ann.  Pharm.' 2,  220); 
Lechevallier  {J.  Fharm.  16,  66t5);  Baudrimout  {Aim.  Chim,  Phya.  61, 
319);  Laurent  {Ann.  Chim.  P/iijs.  62,  327);  Bnutign«y  (Pcif'J'  51,  130); 
Ensmann  (Pogg.  51,  444);  Hitter  (J.  pr.  Chem.  10,  108);  Ueemareet  (j, 
Pkinrt.  26,  746) ;  PogfreiKlorff  {Pogg.  52,  538).] 

The  statement  of  Jaquemyns  {Pogg.  37,  467),  that  the  bottom  of  a 
metallic  vessel  may  be  touched  with  iiupiuiity  as  long  as  water  is  boiUng 
in  it,  deserves  vcrilication. 

\Mjcu  a  volatile  body  is  exposed  to  a  high  temperature  in  a  narrow 
space,  either  vacuous  or  filled  with  air,  and  enclosed  by  solid  walls,  the 
vapour  prudiiced  from  it  acquires  a.  cixitinually  increasing  elasticity,  and 
thus  raises  the  temfXTature  of  the  body  more  and  more, — so  that  at  length 
a  degree  of  heat  is  attained  ut  which  the  body,  under  the  ordinary  tem- 
perature of  the  air,  would  bo  instantly  converted  into  vapour.  {Papuu 
Digester.) 

f  Faraday  has  succeeded  Jn  freezing  mercury  in  a  red-hot  platinum 

crucible,  by  putting  into  the  crucible,  fii-st  ether,  then  soUd  carbonic  acid, 
and  then — when  the  whole  is  in  the  sjjheroidal  state — dipping  into  it  a 
small  metal  fli>oi>n  containing  between  400  and  500  grains  of  mercury. 
The  mercury  freezes  in  twu  or  three  secouds.  (A^  Ann.  Ckitn.  Pkys.  19, 
38;}.)  The  lilm  of  vapour  which  interveties  between  the  red-hot  metal 
and  the  semi-fluid  mass  of  ether  and  cartionic  acid,  conqjlctely  prevents 
the  communication  of  heat  from  tl»o  crucible  to  the  mercury. — 'In  a  similar 
manner,  water  may  be  frozen  in  a  red-hot  crucible  by  the  agency  of  liquid 
sulphurous  acid.  % 

d.  Increase  of  Volum4. 

The  expansion  of  a  body  on  passmg  into  the  gaseous  stato 
according  to  its  nature,  and  likewise  according  to  temperature  and 
nal  pressure. 

One  measure  of  water  at  0"  yields,  under  a  pressure  of  0'76  mc 
1700  measures  of  vapour  at  100^,  accorditig  to  Gay-Lussac,  and  1728 
according  t*i  Dult«jn:  1728  is  the  cul>e  of  12 ;  hence,  accoriUug  to  Dalton's 
view,  the  atoms  of  water  in  the  givseous  state  must  be  removed  from  one 
another  12  tunes  as  far  as  in  the  liquid  state  ;  if,  however,  thero  be 
foundation  for  this  sup|)osiUon,  it  muHt  Im;  true  for  all  external  preset 
(On  the  expansion  of  certain  other  bodies  by  couversiou  into  gas, 
pp.  57,  3,  and  73,  1.) 

From  the  folluwmg  tabic,  Gay-Lussoc  condudcs  {Ann.  Chim,  PAys.  % 
130)  that  bodies,  in  assuming  the  gaseous  form,  expand  so  much  tho  leM 
in  proportion  as  they  suffer  a  greater  amomit  of  contraction  iu  cooling 
from  tlieir  boiling  pomts  : — 
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Water. 

Alcohol 

Sulphide 
of  Carbon. 

Ether. 

Conttaction  of  1000  measures  of  liquid  when 

28-66 

66-02 

66-28 

72-07 

cooled  from  the  boiling  point  to  a  tempera- 

ture 60*  below  it 

Quantity  of  rapour  at  100°  (in  litres)  produced 

1-700 

0-661 

0-402 

0-411 

by  1  gramme  of  liquid. 

Meaanres  of  vapour  at  100*  produced  by  1 

16S3-1 

488-8 

491-1 

286-9 

measure  of  liquid  at  the  boiling  point. 

Specific  Gravity  of  Inorganic  Oases. 

Spedfio  GiETity,  that  of  Air 

=  1-0000. 

Weight  in  gnunnios  of 

1  Litre  of  Gas  at  0* 

Bar.  076  met 

of 
H=l 

Calcu- 
lation. 

Obserration. 

Calcu- 
lation. 

Obeerration. 

3 

16 

1 

9 

6 

14 

22 

10-8 

62-8 

17-2 

96 

82 

40 
17 

38 

240 
66 
41 

126 
63-6 
40-86 
78-4 
897 
86-4 

887 
18-2 

40-4 
68-6 
68-8 
69-47 
67-4 
67-4 
187 
9-86 

1-1093 

0-0698 

0-6289 
0-4160 
0-9700 

1-6262 

07487 
4-8689 
1-1926 
6-6566 
2-2186 

27782 
1-1786 

2-6846 
16-6892 
8-8826 
2-8125 
8-7356 
4-4024 
27976 
6-4356 
27624 
2-4548 

2-8864 
1-2618 

8-4219 
4-0668 
4-7699 
4-8161 
4-6728 
4-6728 
1-2964 
0-6829 

1087    FS 
1103       K 
1-1066      S 
1-128  H  D 
0-0688  BD 
0-0769     L 
0-6235     G 

0-94       Da 
0-9698   To 
1-4093     L 
1-521  AP 
1-57  CaDa 

4-42       Db 
1-146     Ro 
6-5635    Ds 
2-193  H  D 
2-234     Te 
2263       K 
8-0        Mt 
1106       K 
11967  HD 
2-M47     G 

4-08       Mt 
2795      Bi 
8716     Ds 
4-3757   To 
2760     Bi 
6-54      Mt 
1-906      Bi 
2-84    DA 
2-47     G  T 

1-23       Da 
1  278  B  G 
8-4604   To 
8-942     Ds 
4-876     Db 
4-86       Mt 
470       Ds 
4-666     Bg 

1088     AP 
1-1031      Bf 
1-1057  DB 

0-0698     To 
0-092       Ca 
0-625       Da 

0-9409  CD 

1-5191      Bf 
1-5216  BD 

4-68         Mt 
1-1214     Ds 
6-9          Mt 
2-2222     To 
2-217       Bz 

11791     To 
1-236       Te 
2-688      Cb 

4-4429      G 

2-895    HD 
2-6          To 

1-2174  B  A 
12841     To 
3-6808  JD 

4-77        Ma 

1-1026  B  D 
1-1036  BA 
1-1117     To 

0-0732  BA 

0-6896     Tr 

0-9678     Cr 

1-5196  BA 
1-5926       S 

1165       Bf 

2-2277      Bf 
2-2653  GT 

11912  QT 

2-424        G 
2718       To 

1-2555     Bf 
1-48        Br 

1-4110 

0-0901 

0-8105 
0-5404 
1-2C09 

1-9814 

0-9726 
6'6661 
1-5493 
8-6463 
2-8821 

8-6027 
1-6311 

8-4«?5 
21-6160 
50437 
8-6927 
11-»J83 
5-7191 
3-6342 
70618 
35756 
3-1881 

30352 
1-6892 

4-4483 
5-2689 
61965 
6-2566 
60704 
6-0704 
1-6841 
0-8871 

1-4323  B  D 
1-4837  B  A 

0-0894  BD 

0-81  G 

1-14  C  D 

1-9734  Bf 
1-9806  BD 

1-6134  Bf 
2-894  Bf 

1-6476  G  T 
8-4857  G 

11-323  Ds 
6-77J9  G 

8-2088  G 

1-6205  B  A 

5-1212  Da 
6-8582  Ds 

1-488  Bf 

B 

0-0061  B  A 

HO 

0-818  Da 

D?    

DO  

1-2481  Or 

D0« 

1-9741 B  A 

BP   

p 

PH» 

B 

80« 

80* 

8H 

CS« 

8-4858  Da 

8o? 

8oO«    

8eH 

I  

IH   

PH»,TH  ... 
Br    

BrH    

01 

C10«    

cm 

1-681  Bf 

coci 

BC1»    

PC1»    

pa»  

BHn 

• 

8o*a 

pp  

PHP    

^f                          ^^^^^^^^^^^^v 

We^rmTsKunme*  of        1 

^ 

8p«0ifie  Gravity,  that  of  Air  =  I'OOOO. 

1  Litroof  GaaatO*:          | 
Bar.  0-76  vmA.               | 

of       Calcu- 
li =1    liition. 

Ohservatjon, 

Cdou- 
latiou. 

ObwmLtion.         1 

H       BF> 

33-10  aaioo 

14         0-971I6 

2'»124    Da 
«-iH26     L 
0-972   DB 

2-3(594      To 
0-907    H  1) 

3-3709    J  D 
U-OGOl  BA 

1-2009 

1250  3  A  l-96r&B  fl 

H      N 

^H 

0-O729    To 

0-9757  BD 

0-985         K 

m 

■      NO 

22         l-&25a 

1-S029    Bt 
1-614     Dtt 

i-saw    Co 

1-5200     To 

1-9814 

11>752  Co                  ■ 

1            NO* 

16         1-0309 

1-0388    Do 
11887     K 

I'Oll       To 

1-094    H  D 

1 -35111* 

1  3195  B«          ^^fl 

NO*    

28         l-S^lTi 

1-72       Mt 

20715 

^^^^B 

NH»    

8-5      0-5803 

0-5001 H  D 

0-en       K 

0-5931      To 
0-6D22  AP 

0-5967  BA 

0-7666 

0-7752  B  A               \ 

NH'.CO* 

m        ^^■'M\\:^ 

0  8r«)2    I{<> 

0-90          Bi 

11708 

^^^^^ 

NH'.aSH 

127-1    (iHsio 

0-H.Hl        Hi 

1-1481 

^^^^1 

NU»,C1H 

13-3^;   0!.)2:ii 

0-800      Hi 

1-2023 

^^^^H 

8i?  

11-8 
86-6 

H>3fil 
5-^17 

6-980      D. 

1-3330 
7-7093 

77154  Ds          ^^1 

SiCl»   

^       8iF» 

52-2 

3-<lt»l> 

a-6735  J  D 

4-7014 

■       TiP  

31-5 
»53 

i-fl»6a 

6-flt>72 

6-836     De 

3-600       Ba 

417        Dtt 

2-2111 J6 
8-3831 

8-881  Da           ^^f 

■       TiCP   

CtCl»^Cr 

70-6 

5-5117 

e-5         Da 

5-0           W 

7-1(502 

1 

Aa    

im-\ 

10-4272 

10-G        Mt 

13-u.Uiti 

^^^^1 

A*0»  

I5W4 

187551 

13-85       Mt 

i7-8ra>2 

^^^H 

A»H»  

891 

2-7108 

2-095     D» 

3-5216 

ssoasDH       ^^1 

A«P     

226-6 

15-7102 

lC-1         Mt 

aoMWl 

A-C1»  

90-7 

62882 

6-8006    Ds 

8-1600 

8-1853  Di>          ^H 

8bP 

258 

17-8871 

23-2371 

8bCl» 

117-0 

8-1588 

7-8       Mo 

10-5918 

^^H 

Top 

88-1 

96-6227 

ai-savs 

^^^^1 

ToH 

(x, 

4-6i»C4 

4-40       Bi 

5-8513 

^^^H 

NIP.TeH 

aos 

14213 

1-32        Bi 

l-8«>» 

^^^H 

BiP  

iwt 

158-5 

7-37C7 
10-0888 

11-86        Jq 

95H31 
14-2765 

^H 

Ui«C.l»;    ,. 

8n?  

50 

4-0005 

5  3139 

^^^H 

8nCl*    .. 

120-8 

8-9090 

9-1997    D» 

11-6906 

11-0514  Da         ^^1 

Hr   

l(H-l 

7-oaoi 

0-976     Da 

709        Mt 

9^1328 

9-9n»Dk         ^^H 

HgS    

78-27 

6ia«2 

6-51       Mt 

7-(VJ92 

HkI   

237-1 

I57fi5fl 

15-9         Mt 

SO- Will 

^^^^H 

HK«Br     .. 

1U)6 

97478 

1014       Mt 

13C634 

^^^^^^H 

HKBr 

179-8 

12-4(J56 

12-16       Mt 

161941 

Hk^-I 

llO-l 

82572 

6-35       Mt 

lf*-72fW 

^^^H 

UgCI 

130-8 

9-4ata 

9-8        Mt 

123211 

^^ 

Remarks  <m  tht  preceding  Table. 

AP.  denotes  AUon  and  Popye ;  Bo.  B^mrd ;  Bf.  Buff ;  Bi.  Biueau ;  Br. 

nriHSOD  J  IJt.  Berthollet ;  Bz.  Bt'rzeliu8 ;  BA.  Biot  &  Aragn ;  liD.  Vivrua- 

litm  &  Dwlonp;  BG.  Biot  &  Gay-Luseac  ;  Ca.   Cavendish ;  Cb.  C«»iiorbe ; 

Co.  Colin  ;  Cr.  Cruikslianks ;  CD.  Ck-nicnt  &  Desornies ;  Da.  Dulton  ;  Dni 

Dcitnan;   I>8.   Dumag;   Dz.    Dospretz;   DH.   DumaH  &  Bonssinpnult ;  PS. 

F(.(irL-n.y,   Van*  uclin,    &    St'K^n  ;   G.  Gay-F.UHwic;   GT.  (Jay-Lussac  k 
^H           a'hi-nanl;  IT.  Iltnrv;   IID.  Hiunphry  Davy;  JD,  John  Davy;  J(|.  Ja<iuc- 
^B          lain;   K.   Kirwan  ;   L.  LavoiHier;  Ma.  Marehaud;   Mt.  Mitscberlidi ;  K^. 
^1          Kfj^'naiilt;  Ru.  Koso;  S.  SausHiire ;  Te.  Thenard;  Tf.  Tromsdurff;  To. 

H          Thomson  ;  Tr.  Tndles  ;  W.  Walter. 

^B               Tho  i^Uulation  of  tho  Bpecific  p-avity  of  pjoaes  re«t«  upon  the  foUow 

^H          iiJg  MUjtjKiwliunH:  (1^  That  the  atomic  weiditB  of  the  elonientar}'  Utdics 
^1         aro  UioBO  givoa  on  page  50,  and  oonscquently,  that  if  one  meaHorc  of  oxy- 
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jn  gas  wcigli  IG,  one  measure  of  nitropn  gas  will  weigh  14,  and  on© 
easvire  of  carlnmic  acid  gas  22. — (2.)  That  the  air  is  a  mixture  of  21 
ures  of  cxygcn,  78-fl5  of  nitrogen,  and  0-5  <vf  carbonic  acid  ga8.  If 
denote  the  Kp.  gr.  of  oxygen,  //  •»f  nitrrjgen,  and  z  that  of  carbonic  acid 
^  (that  of  air  =  1)  then  U-21  x  +  0-78!*,!.  ,y  +  0-0005  r  =  1  ;  moreover, 
7  a:  =  8  i? ;  and  11  .r  =  8  r.  From  this  wo  riinl  that  the  s[«cific  gravity  of 
oxygim  is  1- 10920,  that  of  uitrogcn  0"970(j,  and  tliat  of  carbonic  acid  gas 
1-5252.  From  one  of  tbese  three  niagnitudoH,  taken  as  a  sUirting  jxiint, 
e  specific  g^a^^tie8  of  the  remaining  subHtanees  have  been  calculated 
^_  cording  to  tlieir  aloinic  weights, — and  from  the  same  data  it  has  likewise 
;iK?en  determined  whether  they  undergo,  0,  1,  3,  6,  9,  12,  IH,  or  24-fotd 
ixpaiiBion  in  the  gaseous  state.  The  Hpecific  gravitieB  of  those  Bubstaucea 
which  in  the  table  have  a  note  of  interrogation  put  after  them,  Ijave  never 
been  detoriiiined  by  direct  experiment ;  ui  the  h3^KJthetical  CJileulation  of 
them  it  has  been  assumed,  according  U)  analogy,  that  the  vapours  of  eele- 
iiiura  and  telhiriuin  are  G-atomic,  vapour  of  antimony  2-atoniic,  and  the 
vafiours  of  carbon,  boron,  fluorine,  hydrofluoric  acid^  Hilicium,  titanium, 
"bismuth,  and  tin,  are  l-at<»inic  gases.  The  differences  betAveen  the  results 
of  calculation  and  exixiriinent  are  easily  explained  ui  the  case  of  vafxnirs, 
"because  the  exact  dettjrnnnation  of  their  fijKX-ific  gravity  is  sui)ject  to 
great  difficulties.  Tiie  differences  b<?tween  the  results  of  calculation  and 
obBer^allnn  in  the  case  of  the  penuanent  gases  perhaps  arise  from  tlie 
adoption  of  incorrect  h^'potheseH  in  the  calculation;  e.g.  the  atomic  weight 
tif  nitrogen  may  have  been  assumed  tix)  low,  Since,  however  the  resnltfl 
of  the  most  difitinguislied  olwervera  frcfiuetitly  differ  more  from  one 
another  than  from  the  calculated  Bjx'cific  gravity,  a  new  and  exact  revision 
of  the  specific  gravities  seems  to  be  rtn];inretl,  to  enable  us  to  decide 
positively  respocting  the  correctuesa  or  iucorrectnesa  of  the  aasumed 
hyix»the8C3. 

One  litre  (or  1  cubic  decimetre)  of  water  at  +  4°  (its  point  of  greatest 
density)  weighs  1000  grammes.  1  litre  of  atmosphoric  air  nndcjr  the  45th 
parallel  of  latitnde,  at  if  C.  and  ()-76  met.  atrnfisphoric  pressure,  weighs, 
according  to  BiotJt  Arago,  l'21Hn  gi'anuue  (according  to  Dumsis  &  Bous- 
singault  1-20K.5).  This  gives  for  the  weiglit  at  4^— since  at  this  temi»era- 
ture(p,  224)  the  air  is  expsimied  ,4^  of  its  bulk  at  0'  (278 :  274  =  1  ■21*91  :  j-), 
1*28  gramme.  To  find  the  weight  of  a  litre  of  any  other  gas  at  0' 
and  0-76  met.  bar,  multiply  the  specific  gravity  of  tho  gas  by  1-2901  (the 
BD.  gr.  of  air  =  1).  In  this  manner  we  may  obtain  with  tolerable  accuracy 
the  relation  by  weight  of  water  to  the  gas,  since  1  hire  nf  water  weighs 
1000  grammes ;  only  it  must  be  retnenibercd  that  the  weight  of  the  gas  is 
taken  at  0°,  and  that  of  the  water  at  -f  4°.  If  we  would  find  the  relation 
between,  the  8|X!cific  gravities  of  the  gaa  and  water  at  the  same  tem|x?ra- 
tiu-e,  viz.  +  4'',  we  must  assume  that  of  water  ==  1000,  and  multiply  the 
Bp.  gr.  of  the  gas  (that  of  aii-  =  1)  by  1'2«. 

According  to  the  preceding,  the  specific  gravity  of  air  at  0°,  and  under 
a  pressure  of  0'7f»  metro,  is  to  that  of  water  at  +  4°  as  r2991  :  1000 ; 
hence  (since  1*2991  :  1000  =  1  :  769*7)  water  is  770  times  as  heavy  as 
air.  If,  then,  the  sp,  gr.  of  air  =  1,  that  of  water  =  770 ;  and  if  the 
specific  gravity  (that  of  water  =  1)  of  tiny  liquid  or  solid  lindy  be  multi- 
plied by  770,  the  product  will  be  its  siweilie  gra\'ity,  taking  that  of  air 
=  1,  On  the  contraiy,  to  redneo  the  sp,  gr,  of  a  gas  (air  =  1)  to  what 
it  will  he,  taking  water  =  1,  we  divide  the  former  by  770.  To  find  the 
expausion  which  a  body  undergoes  in  assuming  the  ga8e()Ufi  form,  multiply 
its  sp.  gr.  (water  ==  I)  by  770  (the  product  will  be  its  sp.  gr.  air  =  1), 
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and  divide  this  product  by  the  sp.  gr.  (aii*  =  1)  wLich  it  has  in  the  gaseous 
state;  e.g.,  in  the  case  of  water:  TOOO  (sp.  gr.  of  water)  x  770  =  770; 
and  770  :  0'C239  (sp.  gr.  of  vafx»ur  nf  water)  =  1234-1 ; — for  euiphur 
i:j.||:^  =  231-4  ;  that  is  to  say,  1  volume  of  water  at  0°  yields  1234*1 
volumes  of  vap<iur  of  water  at  U"  and  U'TO  met.  pressure ;  and  1  volume 
of  sulpbiu'  yields  231*4  volumes  of  sulphur-vapour. 

[Poggendorff's  t.abk'«  on  the  sfxu-ihc  ^avity  f»f  gases.  {Pogg.  17,  259 ; 
21,  629;  41,  449;  49,  41R.)— BulTe  method  of  detenninmg  the  sjiocific 
gravity  of  gases.  {Pogg.  22,  242.)  Duniat*'  Directions  for  determining 
the  sp.  gr.  of  gases.  {Ann.  Chim.  Phya.  33,  341  ;  also  Pogg.  25,  236  ;  also 
Ann.  Pharm.  3,  59.)     Mitschcrlich's.     {Pogg.  29,  193.)] 


C.  Quantity  of  Heat  in  Gases. 

The  quantity  of  couiliined  heat  iu  gases  varies  according  to  the  natui^ 
of  the  p«jiidei'iihlc  hody,  and  hkewise  accorduig  to  the  pressiu'e  to  which 
the  gus  is  subjected. 

a.  According  to  the  Nature  of  the  Ponderable  Bodif, 

The  quantity  nf  combined  heat  in  the  more  jwrmanent  gases  can  only 
be  approxiumtely  determined  from  the  dcvclopmeTit  of  lieat  which  takes 
place  iu  the  chenncul  cttinbiuation  of  iheir  ixinderable  elenu-nts  with  other 
«til».stances  to  fonn  unu-gascous  eompouuds; — this  development  of  heat  in, 
however,  partly  due  tn  the  act  of  chemical  couditnation.  The  quantity  of 
heat  set  free  in  tlio  absoq.4iou  of  acid  gases  ami  ammonia  by  water  being 
but  small,  it  ■vvrmld  seem  tluit  these  gases  possess  less  heat  of  fluidity  than 
vapour  of  water  and  some  other  vaiK>ui"S. 

The  quantity  of  heat  iu  vapours  is  fouiul  by  conducting  a  known 
weight  of  the  va|x)ur  (produced  by  boiling  tlie  non-gaseous  material  iu 
a  retort)  through  a  wf>rm-tube,  or  into  a  receiver  surrounded  with  a 
known  quantity  of  water — or,  in  the  case  of  vajtour  of  water,  directly  into 
the  water — and  observing  the  uicreaee  of  tetu]>eraturc  produced  in  the 
water  by  the  condensation  of  the  vaponr.  This  increase  of  temperature 
fexpresscd  iu  degrees)  midtiphod  by  t!ie  volume  of  water  in  the  receiver 
(the  weight  of  the  condensed  vapour  being  aHsumed  =  1)  is  equal  to  the 
lieat  of  fluidity  set  free  by  the  condensation  of  the  gas,  -J-  the  dccreaflO 
of  temjierature  which  tlie  condensed  matter  undergoes  from  its  Imiling 
poitit  to  the  temperature  exhibited  by  the  water  at  the  end  of  the  exjien- 
ment. — Persoz  {Chim.  mohc.  250)  heats  the  liquid  to  its  boiling  pointy  and 
tlien  drops  it  with  a  j)ij)ette  ufxju  merctirj',  the  temjx'rature  of  which 
is  about  b<f  above  the  boiling  point  of  the  liquid,  till  the  mercury  is  nearly 
cooled  down  to  that  point, — ami  determines  the  quantity  of  heat  which 
has  lKK?ome  latent,  by  observing  ttie  tetnjx'ratitre  of  the  mert'Uiy  bt'foro 
and  after  the  experiment,  the  quantity  of  the  mercury,  and  that  of  the 
liquid  evaporated. 

TtMe  of  the  Latent  Heat  of  Vi^wurs. 

Column  A :  Name  of  the  suttstance, — B  :  Its  specific  gravity  in  tlie  liquid 
OTBolidetato. — C  :  Number  of  degrees  centigrade  above  0°  which  the  vap«j- 
rized  body  would  exhibit  at  its  boiling  point,  if  none  of  the  heat  were 
rendered  lateut. — D :  Deducting  from  thii*  the  heat  requirt'd  to  raist?  Iho 
flttbstauoc  from  0"  to  its  boiling  point,  the  remainder  is  the  quantity  of  latent 
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heat  in  the  vapour  at  the  boiling  point. — E :  Number  of  degrees  by  which 
the  temperature  of  water  at  O**  would  be  raised  by  the  quantity  of  heat 
which  the  same  weight  of  vaporized  matter  at  its  boiling  point  would  give 
up,  if  it  were  to  lose  its  gaseous  condition  and  be  cooled  down  to  (r. — 
F :  The  same  after  deducting  the  quantity  of  heat  required  to  heat  the 
substance  from  0°  to  its  boiUng  point, — and  found  by  multiplying  the 
specific  heat  by  the  number  of  degrees  at  which  the  boiung  point  is  fixed. 
This  column  F  serves,  therefore,  for  comparing  the  quantities  of  latent 
heat  in  different  vaporized  substances.  If  the  numbers  in  columns  E  and  P 
be  divided  by  the  specific  heats  of  the  respective  substances,  the  quotients 
will  give  the  numbers  in  columns  G  and  D : — these  numbers  might  be 
obtained  directly  by  experiment  if  the  vapours  of  the  several  substances 
were  passed,  not  through  water,  but  through  the  bodies  from  which  they 
are  respectively  formed,  e.g.  vapour  of  alcohol  through  cold  alcohol,  &c. — 
G :  name  of  the  observer. 


A 

B 

C 

D 

JS 

F 

0 

Water 

1-0000 

1-0007 

0-978 

1-494 

0-798 

0-816 

0-826 

0-716 
undetermined 

0-87-2 
nndetermined 

670" 

650 

687 

681 

624 

410-7 

210 
823 

670* 

650 

687 

681 

624 

881-9 

174-6 
166-2 

670" 

660 

687 

631 

624 

255-6 

109-8 
149-2 

670' 

660 

687 

631 

624 

486 

466 

296-6 

207-7 

240 

246-5 

90-8 
168 

76-8 

98-8 
124 

95:8 

80 

Romford 

Acetic  acid ............ 

Clem.  Desormes 

Ure 

Despretz 

Watt 

Ure 

Solation  of  ammonia .... 
Hydrated  nitric  acid .... 
Alcohol  

Ure 
Ure 
Despretz 

Ether 

Oay-LuBsao 

Ure 

Despretz 

Ure 

Despretz 

Ure 

Gay-Loasao 

Ure 

Oil  of  tnipentine,  rect. . . 
Bock^>il 

Sulphide  of  carbon    .... 

Despretz 

The  quantities  of  heat  required  for  vaporization  appear  to  be  to  ono 
another  nearly  in  the  inverse  ratio  of  the  densities  or  the  vapours  pro- 
duced, and  therefore  also,  in  some  measure,  of  the  atomic  weights  of  the 
corresponding  substances :  for  on  multiplying  the  latent  heat  of  a  vapour 
by  its  specific  gravity,  we  obtain  a  set  of  nxunbers  nearly  equal  to  one 
another.  If  the  latent  heat  belonging  to  the  substance  in  its  uquid  state, 
which,  however,  is  known  only  in  the  case  of  water,  were  added  to  the 
other  portion  of  latent  heat,  a  more  exact  coincidence  would  perhaps  be 
obtained. — This  law,  however,  does  not  yet  agree  with  the  results  of 
experiment  sufficiently  well  to  entitle  it  to  be  considered  as  established. 
{Comp.  Th.  Saussure,  N.  Qehl.  4,  97 ;  also  Gilb.  29,  126 ;  Ure,  Ph.  Trana. 
1818,  p.  386;  also  Schw.  28,  860;  Despretz,  Ann.  Chm.  Phyt,  24, 
823.) 

%.  I  subjoin  the  following  table  of  the  latent  heats  of  vapoura 
recently   determined    by   the    experiments    of  Favre   and   Silbermano' 
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{Compta  rewlus,  23,  524),  and  also  of  AndrewB  (Qtt.  J.  of  Ckem.  Soe,  1, 

27).  ir. 


BubsUnoe. 


WtUr    

•»       • 

rt        •§•.••»♦»*•«•' 

Bromine 

Protocblaride  of   phM 

phorns 

BiBulphuret  of  carbon . . 
Bichloride  of  tin  ...... 

Alcohol 

Wood-epirit 

,1  ■■.•■•■•I. 

Fusel-oil    

Ether 

Amylic  ether    

Acetic  acid    

Formic  acid 


L&L  Heat 
of 

Vapour. 


687-18 

535-90 

6Sfl-e7 

45-«0 

61-42 

86-67 

3-053 

208-31 

202-40 

263-8e 

263-70 

121-37 

91-11 

eo-46 

OS-40 
101-91 
120-72 


ObB. 


F8 
A 

Eg 
A 


F8 
A 

PS 
A 
PS 

■  > 

A 

PS 


Substance. 


Vskrjsnic  acid 

Batyric  acid 

Acetic  ether 

K  ........    I 

Acetate  of  methjl 

Formic  ether 

Fonniato  of  methjrl  .. 

Iodic  other 

Iodide  of  methyl    

Oxalic  ether 

Butyrate  of  methyl    . . . 

Ethal 

Oil  of  turpentine  .... 

Ter ebone 

Oil  of  lemons     

Hydrocarbons    

(a).  C'-H«  (B.  P.  198') 
(fe).  C^H"  (B.  P.  255*) 


Lat.  Hefti 

of 
Vapour. 


103-52 

114-67 

106-80 

92-68 

110-20 

106-SO 

117-10 

46-87 

46-07 

72-72 

87-3S 

68-44 

es-73 

67-21 
70-02 

69-9 
69-7 


Oba. 


F3 


FS 


b.  Accorduig  to  the  state  in  which  one  ami  the  same  vapour  exitta. 

A  ffiven  quantity  of  saturated  vapour  of  any  sybetance  always  oon- 
tnins  the  same  total  quantity  of  lieat,  whatever  may  be  the  pressuru  to 
which  it  is  enbjccted,  and  whatever  may  be  its  elaaticity  and  tempem- 
ture :  but  of  the  heat  thiw  contained  in  it,  the  quantity  existing  in  the 
cttnibini'il  state  incroaseH  aH  the  firfs«ure  on  the  vapour  diminishes,  and 
consequently  as  its  tomjxTature  falls, — while,  on  the  contrary,  the  quan- 
tity of  free  or  iincxinibined  heat  increases  as  the  pressure  is  increased,  and 
consequeutly  as  the  vapour  becomes  hotter.  (Shnrpe,  Manch,  Mem.  1H13; 
also  Ann.  Phil.  19,  'Mvi.  Clenient  k  Doflorraes,  Thettard,  Traiti  de  Chimm^ 
ed.  4,  1,  81.     Pambour,  InMitut,  Nr.  25»).) 

One  pound  of  Baturated  aqui'ous  vapour,  at  any  temperature  whateTW, 
forms,  with  ."ijlbs.  of  water  at  0°,  6  Jibs,  of  water  at  l()0^  i.e.  the  vapour 
parts  with  S.'JO"  of  heat,  in  order  to  become  liqtiid  water.  Such  is  the 
caso  with  a4|ueou8  vapour  of  luO'  €.  and  a  tension  ^  1  atmosphere* 
aqueous  vapour  of  li>2"  C.  and  a  tension  =  4  atmospheres,  and  aqueous 
vapcmr  of  various  other  temperatures  and  tension!*.  {Clement  &  DeBonnes.) 
The  vapour  of  water  a)ntaiiit'd  in  the  atrnospliero  at  0°  contains  650*  of 
Combined  heat.  The  temperature  and  elasticity  of  vaptmr  of  water 
increaso  as  its  volume  diminishes.  In  a  vessel,  whos6  sides  would  pi-nnit 
neither  ingress  nor  egress  of  heat,  saturated  vapour  of  water  at  1(X)° 
mi^ht,  by  enlargement  of  the  space,  bt<  converted  into  cold  vapour  of  low 
tension,  and  by  continual  narrowing  of  the  sjMice,  into  very  hot  va])onr  of 
liigli  tenaiiin,  without  any  liquefaction  taking  place  in  th«  Utter  caae 
(unless  the  space  were  to  bocomo  too  small  to  allow  of  the  water  existing 
in  the  gaseous  state). 

Estuiiating  the  latent  heat  of  vapour  of  water  at  100°  C.  as  equal  to 
660"  C.  (900°  F.),  and  the  free  heat  =  100°  C.  (180*  K.),  we  have 
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In  Vaponr  o 

Free  Hwt. 

Latent  He*t, 

together. 

0' 

0* 

660« 

SO 

50 

600 

100 

100 

660 

150 

ISO 

500 

• 

660' 

200 

200 

450 

250 

250 

400 

&c. 

Ac 

At  G50''  (1202'  F.),  no  more  of  the  heat  could  exist  iu  the  latent  Btat^?- 
This  tomptrature  probably  conreBitonds  to  a  tle^-ec  of  extenml  proBKure  at 
■which  tlif  L-xpaiiHioii  of  water  into  viv]Mrmr  becorncs  impt)BBilile,  and  beyond 
which  all  tlic  heiit  remainH  accuiindiited  in  the  water  in  the  free  state. 
Aqiic-ous  vaix)iir  below  0^  would  contaiu  bu  many  more  degrees  of  latent 
beat  as  its  tero^KTature  whk  under  0°;  e.g.  va|Kjur  of  water  at  —  20°  C. 
would  contain  670*  of  latent  heat.  • 

1[.  The  law  just  stated  is  commonly  known  hb  Watt's  law.  Accord- 
ing to  Smithern,  on  the  contrarj',  tlie  lieut  obtained  by  subtracting-  from 
the  tfital  beat  the  sensiVile  heat  indicated  by  the  thermometer, — or  that 
which  18  (n'diiiarily  adled  the  latent  lieat  of  evaporation, — remainH  ron- 
fltant.  The  late  elabnnite  rertcarcheH  of  Kef;iiaidt  have  shown  that  both 
theee  law«  are  ineoiTect. — Sup|Ki8ing  the  rela^inu  Ijetween  the  total  quan- 
tity of  heat  and  the  tetn]K'ratiu"e  to  be  developed  in  a  seriea  of  ascending 
powera  of  the  teinjxjratures,  that  is  to  say,  of  the  form : 

X  =  /t  +  iJ(  +  Ct'  +  in*  +  . . . 

A,  By  C,...  being'  constantB,  tlie  law  of  Watt  would  be  ezpre«aed  by 
X=  ^,  Repfnanlt,  on  the  contrary,  fitnJn  that  the  law  may  lie  representea, 
within  the  limits  of  cn-or  of  cxjicriment,  by  X.  z=.A  +  Bt, — and  he  obtains  for 
A  and  B  the  values,  A  =  60(l-.'>,  B=  0*305;  so  that  the  formula  for  cal- 
culating the  total  quantity  of  heat  in  steam  at  different  temperatures 
liccomea 

X  =  60G-5  +  0-305^ 

Calculated  by  tliis  formula,  the  preceding  tabic  bocomos : 


In  Vapour  at 

Free  Heat 

Latent  Heat. 

Bun. 

0' 

0« 

606-6 

600-5 

60 

60 

671-7 

621-7 

100 

100 

6370 

6370 

150 

160 

602-2 

652  2 

200 

aoo 

467-6 

667'6 

250 

260 

430-25 

682-7 

[Vid.  Works  of  the  Cavaidish  Societtfj  Vol  I.  p.  294,]     f. 

B.    Liquefaction  and  Solidification  of  Gases. 

a.     Liquefaction  bif  external  pressure  and  cooling. 

Since,  according  to  the  preceding,  every  gas  takes  up  a  greater  space 
than  the  liquid  or  sohd  matter  out  of  which  it  is  formed,  it  must,  when 
the  space  which  it  occupies  is  continually  diininiahed,  ukimatoly  lose  ita 
gaseoua  form,  and  be  thereby  deprived  of  its  heat  nf  fluidity. — If  the  nidea 
of  the  vessel  could  be  heated  from  without  at  exactly  the  same  rate  as 
the  gas  liocomes  hotter  by  compression ;  or,  wliat  comes  to  the  Mame 
thing,  if  the  aiinpresfiion  could  lie  produced  iu  a  vessel  ira^ien'ioua  to  heat, 
liquefuctiou  would  not  take  place  till  a  very  considerable  external  prea 
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sure  was  exertefl,  Bufficicnt  to  diminish  the  epat'c  within  limits  no  longer 
compatible  with  tho  existouce  of  tlic  gaseous  form.  Under  ordinary  cir- 
cumHtances,  however,  the  Bides  of  the  vi!S8cl  retain  their  former  tempera- 
ture, and  con8e([nontly  deprive  the  gas,  whose  temperature  has  been 
raised  by  comprcsRiou,  nf  its  excess  of  heat:  hence  the  hquefaction  is 
effected  by  a  much  smaller  itressure.  The  guseous  particles,  cooled  down 
the  fiiden  of  the  vussel,  and  thus  rendered  less  elastic,  arc  pressed  together 
by  the  rest ;  and  aeoonling  to  the  eoiitruction  of  the  fii)ace,  there  remains 
either  no  gas  uneondenscd,  or  a  t|uantity  whose  density  and  elasticity  are 
in  accordance  with  the  existing  temixrature. 

Bodies  when  not  ])revented  by  external  pressure,  or  perhaps  in  some 
cases  by  cohesion,  appear  to  be  capable  of  cond.>ining  witli  heat,  and 
forming  gas,  even  at  tlie  lowest  known  temperatures :  hence  it  is  pro- 
bably iirtjuiKsible  to  produce  liiitu-faelions  by  cooling  alone.  Accordingly, 
most  liriuefuctioib  of  gases  are  effected  by  the  joint  action  of  cooling  and 
pressure. — The  Kiualler  the  aflinity  of  the  })onderable  substance  for  heat, 
or,  in  olhiT  wiirds,  the  lews  the  eluHfieity  of  itw  vajxiur  at  the  Hanie  tem- 
j>erature,  the  sniiilter  is  the  iirmnnit  of  external  ]>rcsBure  and  cooling 
required  f<»r  dcMtroying  its  gaseous  c<nidition,  Thus  vapour  of  water  at 
100°C.,  at  which  tem|}eralure  its  elasticitv  =  O'TG  met.  of  merctirj',  is 
li<juefied  by  a  pressure  somewhat  greater  than  0'7C  metro;  and  at  0",  at 
M'hich  its  teiiRinn  =  U0U17G  M.  by  a  pressure  somewhat  greater  than 
that. 

Alinnst  all  the  more  pennanent  gases  may  be  liquefied  by  pressure 
and  ciKiling.  Mi»nge  «t  Chmct  liquefied  sulphumus  acid  gas  by  cftoUug ; 
Guytou  Morveau  hquefied  amnioniu;  and  Stromeyer  arseuiuretted  hy- 
drogen gas  by  similar  means ;  but  these  exitovimeuta  weiv  disn'garded, 
and  their  results  partly  attrihutcd  to  the  ])re8etice  <)f  small  (|UiuititieB  of 
water  till  Faraday  (Phil.  Transact.  1823,  100  and  189  ;  also  Knstn.  Archiv. 
1,  97),  partly  in  conjunction  witii  Sir  llumphry  Davy,  made  known  tho 
mode  of  liquefying  a  cotisiilerable  rnmd>er  of  gases. 

Faraday's  usual  mode  of  proceeding  is  as  follows.  Ho  introdncea  the 
liquid  required  for  generating  the  gas  into  the  shorter  and  closo'd  anu  of 
a  strong  ghiss  tul*e  bent  at  an  angle,  places  over  it  smne  folded  platintim 
foil,  tills  the  longer  arm  with  the  solid  substance  from  which  the  gas  is  to 
be  develojx^d,  seals  the  extremity,  raises  the  shorter  ann  so  tliat  the 
liquid  may  run  down  amoiigst  tlie  solid  matter  and  a<'t  n|xm  it,  and 
then,  after  leading  the  tube  to  itself  for  a  day  or  two,  di|>8  the  shorter 
ann  into  a  freezing  mixture,  and  the  hmger  anu  into  warm  water:  llui 
liquefied  gas  then  collects  in  the  shorter  arm.  For  carlK)nic  acid,  the 
matorialH  are :  oil  of  vitriol  and  carbouate  of  amm<miu ;  for  suljihurettod 
hydrogen:  concentrated  hydrochloric  acid  and  protosulphide  of  iron;  for 
oiide  of  chlorine:  oil  of  vitriol  and  chlorate  of  {xjtash  ;  for  hydi'<K:hlorie 
acid:  oil  of  vitriol  and  sal-ammoniac.  In  cases  in  which  the  devclo[>ment 
of  gas  dix's  not  take  ]ilace  without  the  appliciition  of  heat,  Fiiradjty  puts 
the  whole  < if  the  ingredients  into  the  lougt-r  arm: — for  sidphunms  acid : 
mercury  and  oil  of  vitriol ;  for  cyanogen :  cyanide  of  rfiorcury ;  for  am- 
monia :  ammonio-chloridc  of  silver ;  for  chlorine :  hydrtitc  of  c'lilorin««. 
Oxygen,  hydrogen,  nitrogen,  nitric  oxide,  phosphuretted  hvdrogiMi,  aud 
llnoride  of  silicon,  Faraday  liid  not  succeed  in  liquefying. — ?*iiemann  {Hr. 
Archir,  .'{(>,  IT.'i)  j>laces  thf  ingredients  in  a  glass  tnl*  sealed  at  one  end, 
bonds  the  tubr-  at  an  acute  angle  alK)ut  8  or  10  inches  from  the  senled 
end,  and  after  sealing  the  other  end,  couls  the  shorter  arm,  the  length  of 
which  is  only  2  or  3  inches,  by  means  of  snow  or  cold  water,  whiL;  tho 
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longer  arm  is  heated  by  the  bud,  or  by  water  at  tcin[K;ratures  between  30° 
ami  38'.  The  tube  must  be  very  stronp,  and  Bhouhl  not  be  struck  hard  or 
touclicd  with  Band  ;  fnr  as  lonj^  ustlie  de%'cloj)iiieiit  of  jras  ia  going  on,  the 
Jang-er  of  bursting  is  contitinally  nn  the  increase.  Tlic  bursting  is  at- 
_>«ded  with  violent  detonation,  llie  tube  being  often  split  into  iunu- 
mcralilc  fragments  (Niemann).  Hence  it  is  necessary  to  wear  glovc8  and 
,B  mask,  with  thiek  glasses  before  the  eyes. 

BuBsy  effected  the  litiurfaction  i^if  chlorine,  cyanogen,  and  ammouiaail 
[gas  at  a  presnure  but  little  ftuju'rior  to  the  ordinary  pres-sure  of  the  atino- 
sphere,  by  transmitting;  these  gases  through  a  tube  closed  with  nicrcury, 
|wiUenc(d,  and  covered  with  cotton  at  one  part, — while  sulphurous  acid 
I  was  dropped  up«tti  the  cotton,  and  a  stream  of  air  directed  on  it  (p.  274). — 
These  gases  may  likewise  Iwj  condensed  in  a  frcexing  mixture  made  with 
chloride  of  calcium. — A  tube,  iu  whicii  solid  carbonic  acid  hns  bet-n  sealed 
Tip,  is  found  to  contain  nothing  but  gas  when  heated,  while  liijnid  {.car- 
bonic acid  makes  its  appearance  in  the  cold.     (Mitchell.) 

f .  Faraday  has  lately  succeeded,  by  the  use  of  more  powerful  means 
in  hipiofjing  all  the  known  gases,  with  the  exeei)ti<ni  of  oxygen,  hydro- 
|jen,  nitrogen,  nitric  oxide,  carbonic  oxide,  and  coal-gas, — and  solidifying 
a  great  nunilter  of  theiiv.  {Pfiil.  Trann.  IHl,'*,  1.  170;  abstr.  PA//.  Miiff.  J. 
20,  253.)  The  metlnxl  adopted  was  to  subject  the  gases  to  the  joint  action 
of  jM)werrul  uiechuiiica!  j)ressiire  and  extreme  cold.  The  fiist  olnjtct  was 
attained  by  the  euceessive  actimi  of  two  nir-putnps,  tliu  first  laaviiig  a 
piston  one  inch  iu  diameter,  tho  second  only  half  an  inch.  The  first  jtro- 
dueed  a  pressiu-e  of  about  Hi  atmosph<:res,  the  second  increasrd  it  to 
upwards  of  50.  The  tubes  into  whicb  the  gas  thus  condensed  was  made 
to  pass  were  of  green  bottle  glass,  from  ^  to  j^  of  an  inch  in  external 
diatuutcr,  and  had  a  curvatun-  in  ont.-  portinu  of  their  h'ligth  adapted  for 
immersion  in  a  freezing  mixture.  Tlje  mixture  emj»loyed  consisted  of 
BoUd  carbonic  acid  and  ether.  The  cold  produced  by  it  amounted  to 
—  lOU'  Fait,  ill  the  ojxni  air,  and  — KjG"  Fuh.  under  the  exhausted  receiver 
of  the  air-pump. 

Many  gases,  Avhen  subjected  to  this  extreme  degree  of  cold,  were 
liqiietk'd  without  (ho  use  of  the  condensing  apparatus:  this  was  the  Case 
"  ':i  chlorine,  cyanogen,  anmionia,  sulphuretted  liydrogeri,  arseninretted 
igen,  hydriodic  aciil,  bydnibrondc  acid,  carbonic  acid,  oleliant  gas, 
'iiitrous  oxide,  and  oxide  of  chlorine.  Fluoride  of  silicon  litjiiefied  at  a 
pressure  of  ft  atmospheroN.  The  following  wore  solidified  when  subjected 
to  the  action  of  tlie  cartionic  acid  bath  in  rocua  :  llydiiudic  acid,  hydro- 
bronnc  acid,  suipliuruus  aoid,  sulphuretted  hydj-ogen,  earbosdc  acid,  oxide 
of  chlorine,  cyanogen,  ainmouia,  and  nitrwis  oxide.  Faraday  suggests  the 
eni]ilt»yment  of  solid  nitrons  oxide  mixed  with  ether  as  a  means  of  pro- 
ducing u  lower  temperature  than  any  yet  obsorvod.  The  following  gases 
did  not  soli<lify,  even  at  the  lowest  tempicrature  that  e<>uld  be  oblained: 
Uleliant  gas,  flmiride  <>{  silietm,  flui>ride  of  l.ioron,  phosplmretted  liydrogen, 
bydn.>cld(;ric  aciil,  and  arseniureHed  hytlrogcii. — The  six  gases  mentioned 
at  the  commencement  of  tlie  preeciling  [laragruph  showed  no  signs  of 
liipiefaciion  when  cooled  by  the  carbonic  acid  bath  »;*  vacuo:  hydrogen 
and  uxygeu  at  27  atmc)fipheres,  rdtrogen  and  nitric  oxide  at  50,  carbouic 
oxide  at  40,  and  coal-gas  at  32  atmoBphores.     f . 

Every  liquid  may  bo  regarded  as  a  condensed  gas,  prevented  by  pres- 
sure from  expanding  itself  iii  the  gaseous  form,  but  still  retaining  a  por- 


6m.  \ixi3KUea£  i0SHS^-w^iATmhiia£jii!ms  %  miam ■yaatSam  to&e  wkile 
ymirrj  -x  laaeis  'mac  ^ataic  in.  •an  ea^  Ix  at.  ■^a^f«l  if«ce  c€  iafaiite 
«sa»a£.  tSk  moMt  vi^tfs  -wnucc.  k  mL  vmyracag^a.  W  iw.«ciM.d  into  gas, 
vxar.m:  sverxfu^T  luwrfntf  :  irec  -vntsL  'att  ■anocj  loiui  x  flf  biiedextentf 
ii  l«Kr.ait«  Skfi  -wiSl  ^iit  Bm  "aac  »  J:cauii£:  ao^  tta»  ^i*  csertB  a  pre»- 
flivt^  4a  ac:  iigiifiainbr  fHran.  ii  lae^  simi  ~3«cv;.  joic  ato^as  it  rafaWe  of 
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He  ^Etgciner.icDaTiL  -tc  *  rue  ly  <n«!£Kr  -ir  fi  iiiiiii  s  Jwajia  attended 
widb  OK-  f  :c3iiaC3i:«.  -ic  a  rbwc.  T^b  {»:«£  s  a  ailMir  «f  ti^  ancoii- 
4amnd.  Tf^  ir^  ^ae-  '*>£ct  £&*£«'  •a«3de<  3i?mi  cr  «fii  fardcies  wUdi 
•fCfascBK^  fTTOL  Oii-  T*f-  ^oA.  '^jtbaat  ^iviSamsm  W  "■  i.|.diM  icfracticM  of 
i^^bt  fx  In-  t3*(sr  rcairsY-.  ITitOL  tkuK-  canaaes  ae  acU.  tke  dood  is 
■fQHMtaaK*  4iift-r^*Sifi  £?*  '>a•^  v?s.  Fwmtu 

JJmeJifW*  SdfMi-^  Eaur  Ew^rtmaber  -  KJet,  J.  ifSc  ISSf!'  z  also  OiA.  fid, 
lO  «wi  4«j(^» ffliLuSfie^  br  I«i«>r«Der  a3»i  C4CSi«r  i^TSl  7«X  135  and  139) 
aMi  i3tjr:i».i  iy  A-5t  ""T.  £i  X  </  iir.  1.  <*:  ahear.  :sAr.  5€.  459) 
def«ts«d$  f'-.r  h»  kO'.c.  <«.  li^-  ctOfiiQiSkdinL  ct  isii'  aq[aK«s  Tapomronntained 
m  tie  air  W  cc«:feg-. 

i^'ilfiiiirtir*  asii  DwriiTiriw  <i!T«»'l  <o  tfe-  ccawraLitt  of  a  sabstance 
iato  Ta(M«r  and  tLe  eo»iensaa>:-a  «€  tke'  vsp::^  m  iwulm  part  of  the 
affAntas  br  crjrj^skg.  Tbe  C'i'Kct  «f  K'^  tftieaie  ofcratwaB  is.  for  the 
iBost  uot.  to  oefMinte  aa  >  a#ilj  Tapcciaed  K:«1t  fav^  «ae  wUdi  is  lees 
volatile,  the  f ':««kt  a  <x4iTert<ed  into  rafcnr.  wMIt  tike  latter  remains  as  the 
rtiidme  of  dbecaUBkatk«4r<&tH!atif>:-ii. — theskxaBed  O^hT  awl—,  or  in 
tfe  caae  of  its  Uicg^  lki|iiML  the  i^UyvM.  kcci  ^t  oUer  fhf  iirtw  The 
0|»!ntk«i  is  caDed  SmUimatiim.  vfaen  the  rapxir  condacted  into  the 
eoider  part  of  the  apfaratae  coodestses  into  a  scfid  snhstanoe,  and  Du- 
tiBatim,  wheti  the  TVfnar  is  oooTcited  into  a  fiqaii.  In  both  operations 
the  body  to  be  vapcvixed  is  endoeed  in  an  AlemiUc  Float,  or  JBMort.  On 
tiie  top  of  the  alembic  or  flask  is  fltted  a  Head;  and  this,  during  the  dis- 
tillati'/n  is  oftffn  connected  with  a  CocHt^  or  C4>«iA«ny  7«i<  which  passes 
int'^  t}K:  Ii«-eim- :  wlien  a  ne-tort  is  os^-d.  the  rap  'cr  pa^^ses  throngfa  the 
itm-M  \uXo  the  nrceivf-r.  which  is  k<-p.t  c>.»  L  a&d  there  ci-ndengea.  A  tul»e 
wi«i«rfi'.-d  ill  the  middle  is  often  j4acvd  Wtw«:-n  the  receiver  and  the  neck 
Of  th«;  Tc.UtTX. — Th^r  vap^>arB  niay  als't  lie  o^rHiocied  fn:>m  the  retort,  the 
flai<k,  or  \\w:  hf-sui  of  the  alembic  tlirrm^  a  gia^;^  or  metal  tube,  and  there 
tlM,'y  may  1*  con^kTis^.-d  either  in  the  mauiicr  n.x>  •mmended  by  Liebig,  viz., 
by  \\'t;iin:Vn  CoTuUnrufing  Ajqutratuf  (Taschenb  17y4.  129>.  in  which  the  tube 
IS  Hurromifk-d  with  a  metal  cylinder  thn.>uph  which  cold  water  is  con- 
tinually flowing^  in  a  direction  c^»ntrarj-  to  that  of  the  vapour— or  else  by 
surrouM'ling  the  tube  with  bibulous  paper  or  linen  kept  moist  by  water 
0(.»nf<tantly  dropping  f*\\  it. 

Vapour  c^/n'iensed  into  a  solid  body  forms  a  Suhlimatt ;  that  which  con- 
denwH  to  a  liquirl,  a  I)vtiHate.  When  the  latter  is  subjected  to  a  second 
distillation,  to  free  it  still  further  from  less  volatile  bodies,  the  operation  is 
r;allf«l  Uertificntum :  by  Cofiohation  is  meant  the  distillation  of  the  distilled 

firodud  after  it  has  been  poured  back  either  on  what  remains  behind  or  on 
resh  niati-rial. 

Hinf»;  vaixirization  jiroceeds  very  rapidly  in  vacuo  even  at  low  tem- 
ficratiin'H,  ho  likewise  does  distillation  goon  very  quickly  at  low  tempera- 
tun-H  when  tin;  ap|>aratuH  is  exhausted  of  air,  provided  the  receiver  l»c 
kept  colder  than  the  retort.  If,  on  the  other  hand,  the  ap|)aratU8  Ik»  full 
of  air.  the  Hulwtance  must  be  heated  to  the  boiling  p-oint;  otherwise  the 
n  will  be  very  slow.    It  will,  however,  be  understood  from  what 
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was  said  on  page  285,  that  th6  quantity  of  heat  expended  in  tho  forma- 
tidn  (if  vapour,  is  tho  same  whi'ther  the  va]>orifflitiuii  takes  phit-e  in  vacuo 
or  hi  a  apace  liitud  wth  ah,  and  at  wliatever  temperature  ttie  vajxiur  may 
be  formed. 

Wiien  a  volatile  liquid,  like  ether,  is  to  Ih?  kept  boihnp  for  a  con- 
Biderable  time  in  c<jntact  with  another  flubatance  witliout  alhiwin^  any  of 
it  to  escaj)e,  a  glaws  tube  o^ten  at  both  ends  is  attached  to  tlie  Hask  and 
kept  cool  with  water  by  means  of  Wpigel's  condcngiog  apparaluB,  or 
merely  Bun*ounded  with  nioiatened  paper,  so  that  tho  vnpnnr  which  rieoB 
into  the  tnlx^  may  be  condensed  and  run  buck  into  the  flask.  Mohr'a  ap- 
paratus {Ann.  Phann.  18,  232);  also  Cornol  and  Bcrthemot's  apparatus 
{j.Pharm.  18,  112). 

h.     Liquefaction  or  Solidification  by    the  Affinity    of  Ponderable  Boilies  for 
the  Ponderable  Bust  of  the  Gua. 

If  any  ponderable  body,  whether  it  be  in  the  solid,  liquid,  or  gaseous 
Btatc,  has  a  stronger  afhnity  at  tlje  given  tctrijX'ratnre  for  the  ponderable 
substance  contained  in  a  gas,  than  heat  lias  for  the  same  substance,  and  if 
this  stronger  affinity  is  able  to  exert  itself  {pp.  3G....38),  the  two  ]x»nder- 
able  suhstancea  combine,  arul  the  latent  heat  of  the  gaa  (or  of  both  gases, 
as  (he  case  may  be)  is  rendered  sensible,  pro^nded  the  new  eom pound  is 
not  itself  gafieotis. 

To  this  case  belongs  the  condensation  of  oxygen  gas  by  the  combina- 
tion of  o.xvgcn  with  hydrngen,  boron,  j»hoaplionie,  sclcnitini,  and  metals ; 
tliat  of  chlorine  by  ccimbiuation  with  pliosphorua,  selenium,  iodine,  and 
metals;  of  acid  gases  b}'  ammoniacal  gas  and  uvany  other  suliliable  bases; 
of  all  gases  by  water,  alcohol,  and  other  liquids ;  of  afjneous  vafjour  by 
adds,  sahfialile  bases,  salts  and  other  bodies ;  of  alcohol  and  ether  vapours 
by  water,  oU  of  vitriol,  fat  oil,  <>r  cani]ilinr,  &c. 

When  aqueous  vajxtur  at  KM)°  is  brought  into  contact  with  pulverized 
salts,  citiicacid,  hj'drate  of  (^Hitash,  or  sugar,  these  sulistutices  absorb  f)art 
of  the  water  and  fonn  a  solution,  the  temperature  of  which  is  several 
degrees  above  100°,  and  appn  aches  very  cUjsely  to  the  temix'raluro  at 
which  the  atpieoiis  sohilions  of  these  enhstimces  boil  (p.  26^).  Thus  also 
alcohol  vapour  of  83'^°  raises  the  tcmjxTaturc  of  chloride  of  calcium  to 
99".  (Faradaj^,  Ann.  Chim.  J'/it/s.  20,  920.)  Aqueous  solutions  of  acids 
and  salts  cnch>8ed  t<">gt?l!ier  with  water  in  a  vessel  full  of  air  at  the  ordi- 
naiy  temfX'rature,  absorb  so  much  the  more  vapouf  of  water,  as  their 
boiling  jxjints  arc  higher:  Bohitions  of  different  *>nbHtancefi  whose  hoiluig 
points  are  the  same  often  absorb  eqlial  quantities  of  aqueous  vajwur. 
(Grahanu  Edinb,  J.  of  Sc.  8,  32(5.) 

Boitsdorjf's  Ex-aporatiitg  Ittca'ver.  (Pogij.  liV,  ROl,)  A  basm  filled 
with  oil  of  vitriol  is  placed  on  a  large  glass  plate,  a  munher  of  cup-shaped 
glasses  arranged  in  the  basin,  and  on  the  top  of  these  .^bove  the  oil  of 
vitriol  are  plact^d  dishes  cx)ntJiuiiiig  the  Jicpiid  to  be  eva[iorated.  A  glass 
bell  jar  is  inverted  over  the  whole,  and  ke|)t  close  to  the  plate  by  means 
of  grease.  The  evaporation  goes  on  gradually  at  the  ordinary  pressure 
and  temperature. 

Tlio  hygrometer  of  De  la  Rive  (Bibl.  vniv.  28,  285)  is  founded  on 
the  different  degrees  of  temperature  iryjijcatjed  by  a  tlierniometer  exj»scd 
to  tlie  air  after  immersion  in  oil  of  vitriol — the  rise  of  temperature  bcuig 
produced  by  the  condensation  of  the  aipieous  vapour  in  the  air,  and  vary- 
nig  with  the  degree  of  humidity.     It  has  however  been  shown  by  Gay- 
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Lflssac  (Ann.  Chim.  Phjx.  30,  89)  that  the  density  of  the  air  likewfl^ 
intiufiicoH  the  me  of  tftiiporaturL'. 

Woulfts  Appnratitji.  To  <*4ni80  gnsoH  to  combine  witli  liquids,  they 
arc  conducted  by  moans  of  titlwH  twice  betit  at  rig"ht  arij^les,  from  the 
flask  or  ff'tort  in  which  they  arc  pencnitrd,  thnnif^^h  a  niMnl)cr  of  bottles, 
IVtn/ffe'ti  Il<ttt/e.%  which  arc  fiiriiinhivl  witli  twtt  or  three  ojKrning«.  The 
hi|iiiil  i-oiitiiincd  in  theae  hnttlcH  absurhs  the  jjas  as  it  enters  in  aingUi 
buliblcH,  Tfv  jircvent  the  hqnid  from  passing-  buck,  the  tliird  opening'  is 
fitte<!,  either  with  a  struig^lit  tube  opieri  at  both  ends  and  dipping  into  the 
liquid,  or  cIhc  with  a  Writer's  ,Sn/rtt/-iitfify  i.  t,,  a  tube  twice  bcut,  and 
having  in  the  middle  a  bulb  containing  water. 


Deyreea  of  Incandescence^  according  to  PouUlet, 


1 


525°:  iticii)ieiit  redness ; — 700":  dull  red;  800°  commencing  cbeny- 
rcd  ;  900^  brif^hter  cherrj-'red  ;  1000°  full  cherry-red;  1100'^  dark  yellowish 
red;  12oOMiright  ignition  ;  130u'  white  he«,t ;  1400°  strong  white  heat|i 
1500"  . .  IGOO"  dazzling'white. 


Melting  Points. 


Carbonic  acid .... 

Kl-ber 

Mercury 

Oil  of  vitriol 

Bromine 

Hydrocyanic  acid. 
Water 


Cets. 

Fah. 

-  05" 

-  SB- 

-  44 

-  47-2 

-  40-5 

-  409 

-  25 

-  13 

-  20 

-  4 

-  15 

+  5 

0 

+  32 

?ho<(phoraa . 
PotoBeium. . 

Wax 

So<Iium  , . . . 

Iodine  

^uljitiur. , .. 
Camphor.. . 


C«la. 

+ 

45* 

+ 

58 

+ 

«7 

+ 

W 

+ 

107 

+ 

lod 

+ 

176 

Fah. 


Ouyton-Morreau 

Ann.  Chim.  90, 

(286). 


Wc<ljrwood  & 
DaltoD 


Daniell.    Schiraiix.  Bodl 


CelB.    Wedg.*     Cels.    Wedg.   CeU.    Dan.f    Cdi.         COt, 


Bismatn 24? 

Tia 267 

Load 312 

Zinc 874 

Antimonj £13 

BnuB - 


Mangaoaw. 
Bar  iron . . . 


Nickel,    Platinum,  1 
Iridium,  Rhodiam,  I  abore 


(^oarU 


Bilrer 1034  22 

Copper 1207  27 

Gold 1881  82 

Cobalt —  — 

While  Caat  Iron  ....     —  — 

Orey          , 4783  180 

Steel 

£825  160 

8340  175 


175 


247 
246 
322 
371 
432 


230 
227 
321 
342 


28 

27 

32 

130 


1223 
13t>8 
1421 


66 
63 
87 
04 


—     ^    _   1021   267 


319 
864 
870 


—    —   1918   4»7 

-^        160 


280 
220 
340 
600 
620 

PouiilcL 
1000 

1200 

lOOO 
1210 
1350 

1960 


999 


*  Dograea  of  Wedgwood'*  pjTomotcr,  p.  287. 
t  OagXMl  of  DauicU'a  pj-romotor,  p.  236i 
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Boiling  Points. 


BulphnrouB  acid  . . . 
Hydrocbloric  ether. 
Nitric  ether.. . . .. . 

Hydrocjoiiic  acid  . 
Sulpfaoric  ether  , . .. 
Balpfaidfl  of  carWa 

Biuminc 

Alcohol 

Bock-oU  


10» 

12 

21 

26-5 

S5-66 

46-6 

47 

78-41 

66-6 


Water +   100 

Oil  of  turpentine    167 

loiiine 180 

Cajupbor S8i 

Oil  i>f  vitriol  288 

Phospbonu 260 

Sulphur     , . , 293 

Mercury 866 

Sfileaiom  (nearly) 70O 


II.  Disengagement  and  Absorption  ok  IIeat, 
1.   By  Chemical  changes  in  Ponderable  Substances. 

A.  By  alteration  of  the  state  of  Aggregation^ 

It  hafl  already  been  sliown  that  the  passage  nf  a  solid  body  to  the 
liquid  stjitc,  and  (!iat  of  a  liquid  or  Bolid  to  the  piiscfjus  state,  is  always 
accompanied  by  absorjition  of  heat ;  and  tiiut  when  these  Biibstances  are 
brought  back  to  their  former  condition,  the  heat  is  agiiin  act  free. 

B.  By  the  combination  of  Povdirable  Bodies  one  mth  the  other,  and  decompo- 
sition of  the  resulting  Compounds. 

The  combination  of  pmdenvble  subfitaiiccB,  with  or  without  the  de- 
etruction  r>f  exiKting  comjwunds,  is  always  accompanied  by  diserigage- 
meiit  or  absorption  of  lieat. 

The  most  Blrikini,Mii8t!inces  of  the  Development  of  Heat  are  those 
■which  accompany  the  production  of  light,  aa  noticed  on  page  181, 
thnse  namely  which  take  place  in  the  condiitiation  of  oxygen  and  clilo- 
rine  with  metaln  and  other  ci^mhiHtiblo  bodies, — of  lironiine,  iodine,  sul- 
phnr,  and  jihosiihonia  with  several  metals  ;  likcmse  in  the  combination  of 
Btrong  acids  with  strong  salifiable  bases,  and  in  that  of  strong  nc'uh  and 
strong  bases  with  water, — in  all  cases,  that  is  to  Bay,  in  which  coml.iina- 
tion  is  brought  about  by  strong  affinity,  and  in  wJiich  the  combining 
bodies  arc  decidedly  opi>o«ite  in  chetnical  nature. 

To  determine  the  quantity  of  heat  set  free  in  combustion,  the  process 
Is  made  to  go  on  in  a  fipaoe  surrounded  with  water  or  ice,  and  the  quan- 
tity of  ice  melted,  or  the  rise  of  temperature  in  a  given  quantity  of  water, 
observed. 

In  the  following  table,  column  A  contains  the  name  of  the  combuB- 
tible  substance ; — Hits  sjTnbtpl  or  formula; — C  the  formula  of  the  cora- 
j>ound  produced  during  the  combustion ; — D  shows  bow  many  parts  of 
water  are  heated  1''  by  the  Cf>mbu8tion  of  1  jmrt  of  the  comljustiiile  body, 
or  the  number  of  degrees  by  which  the  temperatiu'e  of  1  part  of  water 
would  be  raised ; — E  the  name  of  the  observer ; — F  sliows  how  many  {"arts 
of  water  are  heated  1°,  when  1  part  of  oxygen  combines  with  the  com- 
bustible substance. — if  we  would  find  how  many  units  of  heat  are  deve- 
loped by  the  burning  of  1  atom  of  the  combustible  body,  avc  must  multiply 
the  number  in  column  D.b>(,tht».  atpmic  weight  of  the  substance:  simi- 
larly by  multiplying  the  numbers  in  "cobinm  V  by  8>  we  obtain  the  quan- 
tity of  beat  which  1  atom  of  oxygen  develops  in  oombiuing  witli  the  dif- 
ferent substances. 

Cr  denotes  Crawford ; — Da :  Dalton  ; — Dg :  Dulong ; — Dz :  Deapretz ; — 
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Hs :  Hees ; — Lv :  Lavoisier ; — ^Rf :  Eumford.    When  two  results  by  the 
same  observer  are  given,  the  first  is  denoted  by  ',  the  second  by  '. 

S  I  have  likewise  added  the  more  recent  dcteiminations  by  Grassi 
(Gr),  Favre  &  Selbermann  (FS),  and  Andrews  (A). 


B 


Hydrogen. 


HO 


Curbon. 


C0« 


Carbonic  oxide.... 

Phoiphonu 

Sulphur 

Antimony 

Zinc 

Tin 

Protoxide  of  tin.. . 

Iron 

Cobalt 

Nickel 

Copper 

Suboxide  of  copper 

Cyanogen    

M&rah  gaa 


CO 
P 

s 

8b 
Zn 

Sn 

SnO 

Fo 


Co 
Ni 
Cu 

Cu-0 

C-N 
CH« 


C0» 

P0» 

SO* 

SbO« 
ZnO 

8nO» 

SnO* 

Fe^O< 


CoO 
NiO 
CuO 

2CuO 

2C0',N 
CO',  2H0 


20624 

21875 

28640 

24000 

84748 

84792 

86000 

84660 

84662 

83808 

8000 

0175 

5826 

7012 

7167 

7287 

7816 

7912 

7714 

7900 

1876 

2684 

1864 

2481 

4500 

7600 

6747 

1500 

2571 

2601 

2807 

961 

1814 

1301 

1283 

1144 

534 

521 

1702 

2088 

1676 

1080 

1006 

632 

602 

244 

256 

5195 

6376 

13186 

11098 

18168 

18108 


Di? 

2578 

Lt 

2672 

Da' 

2955 

Da 

SOOO 

Dk 

4348 

Ha 

4849 

Cr 

4500 

Gr 

43SS 

F8 

48SS 

A 

422« 

D» 

1125 

Cr 

1941 

Bf 

1997 

CD 

2629 

D»C 

2688 

Lt 

2714 

Da> 

2981 

Da» 

2967 

Gr 

3898 

A 

2963 

Da 

8031 

Dk 

4609 

Or 

8244 

A 

4254 

Da 

85S8 

Lt 

6696 

A 

4.509 

Da 

1500 

Ha 

2571 

Dk 

2601 

A 

2307 

Dk 

5875 

P> 

5290 

A 

5366 

Dk 

4545 

A 

4280 

^ 

4473 

A 

4349 

^K 

4840 

Da 

5325 

A 

4184 

1^ 

8995 

n 

8728 

n 

2512 

A 

2394 

D>r 

2185 

A 

2288 

Dk 

4241 

Da 

1594 

I>« 

8296 

Gr 

2774 

F8 

8299 

A 

SS77 
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A 

B 

0 

D 

E 

P 

Olefiantgas    

CH 

CO»,HO 

6600 

Da 

1925 

12030 

I>g 

8296 

8436 

Gr 

2461 

11900 

PS 

8471 

11942 

A 

8488 

Alcohol 

C<fl«0» 

4CO»,6HO 

4850 

Da 

2084 

6750 

Rf 

8234 

6900 

Dg 

8811 

6666 

Qr 

8146 

7183 

PS 

3442 

6860 

A 

8282 

Blher 

C«HK) 

4CO»,5HO 

4650 

Da 

1792 

8026 

Ef 

2093 

9481 

Dg 

3634 

9027 

PS 

8480 

Wood  BDirit 

CH^C 

2CO»,4HO 

5839 

Gr 

3893 

¥•  ^W^**    DVSAAV*  #••■•••    ■•    •«    ■■ 

5304 

PS 

8536 

Fmel-oil 

C»H«0» 

10CO»,12HO 
10CO»,nHO 
8CO»,3HO 

8959 

3285 

Amylic  etihftr 

C'^H'^O 

10188 

t9 

8853 

Acetone 

CHH) 

7820 

ft 

8317 

Bock  oil 

CH 

CO^HO 

7886 

m 

2139 

Oil  of  totpentine 

C»H* 

6CO«,4HO 

4500 

Da 

1339 

10496 

Gr 

8187 

10874 

PS 

8301 

Oil  of  lemona 

C'^H' 

10CO«,8HO 

10663 

3237 
8327 
1847 

Terebene 

10959 

)f 

Camphor 

C'«H^ 

10CO»,8HO 

5260 

Da 

Olive  oil 

6676 
7800 

Cr 
Da 

9045 

Rf 

9862 

Dg 

11100 

Lv 

Bape-oil 

9300 

Rf 

Tallow 

7800 
8370 

Da 
Rf 

Wftx 

7278 
7800 

Cr 
Da 

9472 

Rf 

9975 

Lt 

CaontGhoae. ... .......... 

4576. 

2105 

2970 

8480 

.  5625 

Da 
Rf 

n 

^^flH#U  Will  WUV  ....    ..■•..•.*■ 

Oak-wood    

£lm-wood  •• .•••. 

Coal 

Turf. , 

1200. 

.1726 

n 

The  quantities  of  heat  furnished  by  other  kinds  of  wood  are  inter- 
mediate between  those  yielded  by  oak  and  elm.  (Rumford.)  [For  more 
on  this  matter,  vid.  Woody  F^bre.\  One  part  of  oxygen  produces  with 
phosphorus,  zinc,  or  tin,  5325  units  of  heat,  the  same  quantity  therefoi-e 
as  with  iron,  and  14  times  as  much  as  with  carbon.  The  quantity  of  heat 
evolved  by  charcoal  during  its  combustion  is  the  same  under  whatever 
pressure  the  oxygen  gas  may  exist.  Since  the  volume  of  carbonic  acid 
gas  produced  is  equal  to  that  of  the  oxygen  consmned,  it  follows  that 
oxygen  gas  and  carbonic  acid  gas  must  contain  the  same  absolute  quan- 
tity of  heat.  In  the  combustion  of  metals,  on  the  other  hand,  in  which 
oxygen  suffers  condensation,  the  quantity  of  heat  must  be  greater  as  the 
pressure  to  which  the  gas  is  subjected  is  less.  {Ann.  Chim.  Phya.  37,  180 
and  182 ;  also  Pogg^  12,  519  and  520.)    Dulong's  determination  of  the 
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quantity  of  heat  developed  in  the  combuation  of  carbonic  oxide  is  doubt< 
IcHs  too  high  ;  if  it  wcrt'  cnrroi-t,  we  Bhould  bo  obliged  tn  admit,  what  ti 
highly  iniprnbable,  that  carbon  would  dc'vi'Io|M?  much  less  heat  in  com- 
bluing  with  tho  lifst  atom  of  uxygun  thuu  with  the  second. 

Aixvinliiig  to  the  appioxiraate  ri'sults  of  Da\'y  (Schw.  20,  143),  on  th« 
other  hand,  a  given  quantity  of  uxygeu,  which,  tn  combining  with  carboQi 
evolves  a  qiuuitity  of  heat  =  1,  gives  out  1*12  in  combining  with  aul' 
phuretted  hydrogen  g^s,  I'i]  with  olcfiant  gaH,  and  4'3  with  hydrogeili 
At  all  evoiitu,  the  law  eniinciatLHl  by  ^V^.•ltel'  {Ann.  Chim.  Fhys.  19,  425  j 
27,  223),  vi/„  that  any  given  quantity  of  oxygen  evolves  the  same  quan* 
tity  of  heat,  with  whatever  conibustiftle  body  it  may  oombuic — is  at 
present  very  doul»tful.  It  would  rather  appear  from  a  comparison  of  the 
nimiberH  in  column  F,  that  oxygen  developes  a  greater  quantity  of  heat,' 
the  stronger  its  afl&uity  for  the  combustible  substance. 

IT  The  following  table  gives  theqnantitiefl  of  heat  evolved  in  the  com- 
bination of  different  suliHtanc^'s  witli  cbloriiie.  (Andrews,  P/iil.  Mntj,  J.  32, 
42().)  The  results  are  exprcnsed  as  in  the  preceding  table,  the  uumlKT* 
in  column  A  refcniug  to  tlio  combination  of  a  unit  of  weight  of  thai 
several  substances  in  the  left  hand  cohnnn,  and  those  in  ooluuui  B  to  tliai, 
combtuatiuu  of  a  unit  of  weight  of  chluriue. 

A  B 

Potassium 2655  2943 

Tin 1079  897 

Anlimony 7i>7  860 

Aiwnic 081  704 

Mercunr fi'i2 

Phosphonu  8*22 1  (W7 

Zinc 1629  1427 

Copper  901  869 

Iroa    1746  921 

By  comparing  the  iiumlHi-rs  in  cnhinm  A  with  the  corresponding 
bers  in  column  1)  of  tfie  former  table  (pp.  292,  203),  it  will  be  seen  thai( 
the  heat  evolved  Lu  the  combination  nf  a  sulistance  with  chlorine  ia  ifl 
some  cases  greater  and  in  others  less  than  hi  the  combination  of  the  Bam* 
Bubstance  witii  oxygen.  %. 

IJevelojnnent  of  Heat  in  the  Combination  of  Comjtound  Bodies  (accordio^ 
to  Hess). — ThelxKlies  are  heix*  amipared  according  to  their  atomic  weightu^ 
^\^hen  it  is  said  that  <ine  atom  of  suljihuric  acid,  in  coml*ining  with  ex« 
of  wafer  produa;8  202l)2  unitn  of  heat,  it  is  to  be  underst«x)d  that  40 
parts  of  sulplmric  acid  (=  1  at<>m)  develope  in  this  eombinatiiiu  a^utuitit^ 
of  heat  snlliiietit  to  raise  the  temperature  of  20202  parts  of  water  by  1 , 
or  that  of  1  ]iart  of  water  by  2U202''. 

If  one  ut<»m   of  anhydrotis  sulphuric  aj'id  rombiues  first   willi    1   .At 


water,  then  with  I  more 
duced  are  as  follows : 


atom,   and  so  on,   the  (Quantities  of  heat  |>tO* 


UniU  of 

Therefore  with 

ezecai 

H«*l. 

of  Water. 

80*  KiTce  with  HO  i 

12482  .   8 

1554 

20202   -   18  , 

1554 

HO.RO         „         HO  : 

S108  -  2  . 

1664 

7770   -     6  . 

lfi«4 

atin.SO'        „        HO  : 

1564   -   1  . 

1554 

4002  -     8  . 

1054 

8HO.SO>        „        8110 1 

1664   >    1  . 

1554 

8108  -     2  . 

1554 

6H0.S0'        „    X*  HO  I 

1564   .1=    1  . 

15J4 

1564  >     1  . 

1554 

80S02  -  13 

1654 

with 


Boro  devvloptueut 


8iirli  %  quKotity  of  mtcr  that  aajr  further  addition  would  prodnov 
lut  of  bcftt. 


DEVELOPMENT  OP  HEAT. 


295 


If  these  1554  units  of  boat  be  called  au  equivalent  of  heat,  it  will  Uo 
Been  from  thin  that  sulplmric  acid,  in  combining  wit!i  waU;r,  evolves  13 
Buch  equivalents,  8  in  uniting  with  the  first  atom  of  water,  2  with  the 
,  Bccond,  &c. 

1  atom  uf  hydrochloric  acid  (=  36''1  parta)  in  the  form  of  aqueous 
liydrncbloric  acid  uf  1*125  sp.  gr.  (in  which  it  is  uheady  combined  with 
12  atoms  of  water)  evolves  3233  units  of  beat  when  mixed  with  more 
water. 

One  atom  of  nitric  acid  (54  parts)  developes  the  following  quantiticH  of 
heat,  according  to  the  quantity  of  water  which  it  previously  holds  in  com- 
bination. 


Unita  of 
Heat. 


Therefore  with  excess 


HO.NO«  with  HO  :     1554  =  1  .  1554        7770 


of  Water. 


2H0,NQ*  „     HO 

SHO.NO*  „   2H0 

6H0,N0»  „     HO 

6H0,N<J*  „  2II0 

8H0,N0*  „  .tHO 


6  .  1654 


1554  =  1 

1664  =  1 

777  -  i 

777  =  4 

1554  =  1 


1554 
1554 
1564 
1554 
1564 


6216  =  4  .  1554 

4662  r^  3  .  1554 

S108  »  2  .  1554 

2331  -  1}  .  1554 

1654  »  1  .  1664 


7770 


6  .  1554 


HOjNO*  devclopes  therefore,  on  the  whole,  as  much  heat  in  combining 
with  water  as  IIO,SU*  dues,  and  the  heat-c([uivalont  in  the  same  for  both  ; 
differences  arc,  however,  met  with  in  imiiviiluit!  instances. 

One  atom  of  weU-fused  hydrate  of  putush  (47"2  jKitash  +  9  water) 
gives  with  excess  of  water  121)20  units  of  heat. — 1  atom  of  wcll-bumt 
lime  (28'5  parts)  yielda  6;32i3. 

With  excess  of  dilute  ammonia,  jjotash,  or  Roda,  or  with  hmc  Blaked 
wth  excess  of  water,  1  atom  of  sulphuric  acid  gives  the  following  units 
of  heat  according  to  the  fjuautity  of  water  previotisly  combined  with  it : 


Ammonia. 

Potash. 

Boda. 

Lime. 

H0,S0*  : 

23840 

23886 

21348 

25640 

2H0,S0»  : 

20756 

21080 

22584 

SH0,90»  I 

19220 

16320 

BHO.aO'  : 

17846 

17720 

17896 

19508 

The  greater  therefore  the  quantity  of  heat  which  the  sulphuric  acifl 
has  alrea4ly  evolved  in  combining  with  water,  the  Ichh  does  it  give  nut 
when  Baturated  with  anuuDtiia,  If  to  the  23840  units  of  beat  which 
no, SO*  gives  with  ammonia,  there  ltd  added  the  124;i2  which  SO* 
gives  with  water,  the  rcsnit  is  3fi272  for  the  sum  of  the  units  of  heat 
which  wimld  b<'  devuli>|K'«l  in  the  combination  of  1  atom  of  iinhydrous 
Bul[ihuric  acid  with  aquwiua  sohititm  uf  ammfuiia.  If  from  the  heat  which 
IltJiSO*  develo|«'.s  in  i;omliining  with  aijueous  ainuionia  there  be  dnhiclcd 
that  which  it  would  dcvelope  in  combining  with  water  alone,  the  re- 
mainder (23840  —  7770)  will  be  the  heat  which  is  set  free  on  the  furtlier 
addition  of  aniinnnia,  viz.  KJOZO.  Sunilarly  for  (he  other  alkalis.  Ac- 
cording to  this,  1  atom  of  sidphuric  acid  evolves  the  Ksimc  quiuitity  of 
beat,  whether  it  combines  with  aunuonia,  pt)tash,  or  soda:  the  more 
powerful  development  of  heat  in  the  ca.se  of  linie  is  pcrhajw  due  to  the 
ounbiuation  of  water  with  the  8ul|>!)ate  of  lime  produced.  One  atom  of 
dry  fiuiphate  of  lirao  imnierwcd  in  water  develojies  1(580  units  of  heatj 
this  deducted  fram  25G40  leaves  23DG0,  as  much  therefore  aa  for  the  other 
alkalis. 
B       One  atom  of  aqueous  hydi'ochloric  acid  of   1*125  sp.  gr.  containing 
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12  At.  water,  12II0,IIC1,  =  144-4  parts)  devclo]X>B  with  dilute  ammonia 
147(54,  with  dilute  jnitash  1447G,  with  dilute  wnda  14720,  with  burnt  limo 
and  wat«r  24110,  and  with  limn  pruvimisly  tflakr-d  with  water  (nince,  ao 
oording  to  the  ahuvt",  G.'V20  units  uf  liesit  are  tlieicby  evolved)  175S8  units 
of  heat.  14704  (heat  with  ainmuiiia  and  water)  —  3233  (heat  with  water 
alone)  =  llMl  (he;it  develnjM'd  by  the  furtiier  addition  of  animooia.) 

One  atom  of  nitric  acid  containinfr  H  atoms  of  water  (8  HO,NO*  ^126 
parts)  yields  with  dilute  aiimjuuia  1(1172,  witli  dilute  potash  1()378,  with 
dilnte  Buda  104(12,  and  with  slaked  lime  18048  units  of  heat.  1G172  (heat 
with  ammonia  and  water)  —  1554  (beat  with  water  alone)  =  14018  (heat 
on  the  further  addition  of  ammonia.) 

Whilst  ammonia,  potash,  and  eoda,  yield  equal  quantities  of  heat  by 
combining'  with  Bulphurie  aeid,  and  similarly  with  hydrochUiric  and  nitnc 
acid,  lime  gives  a  larger  quantity, — a  fact  which  Hess  explains  by  sup- 
poeiiig^  that  the  lime-sails,  even  ui  solution,  contain  water  of  ciystuIUza- 
tion.  If  thiH  Imwever  ije  aihiiittt^d,  the  same  Khmild  take  place  with 
sulphate  of  soda.  The  difference  prnSiahly  cou.siets  in  tliis,  that  the  first 
tlu-ee  alkaUn  are  capaLle  of  e<imbiiiing  with  excess  of  water,  in  which  cora- 
binatiuu  tliey  Imve  already  evolved  beat,  whereas  slaked  lime  has  taken 
up  only  une  atuni  of  water. 

One  atom  of  chkiridc  of  calcium  (55"9  parts)  gives  with  exoeu  of 
water  04.5(>  unitn  of  heat;  since  liowever  1  atnm  nf  crystallized  hydrated 
chloride  of  calcium  (CaCl,  GlIU  =  lOD'U  partn)  when  dissolved  in  water, 
causes  134G  uuiti4  uf  heat  to  disap})enr,  the  actual  developineat  uf  beat 
amounts  to  94o(i  +  134^6  =  10802.— Thus  far  Heas. 

\  Andrews  (Phil.  Trwu^.  1844,  I.,  21 ;  abstr.  PM.  Mag.  J.,  24,  457) 
has  shown  that  whou  one  base  ilisphiccH  another  from  any  of  its  neutral 
combinations,  the  heat  evolved  or  abstracted  is  always  the  aamc,  what- 
ever the  acid  niay  In;,  provided  the  busea  are  the  same.^ — The  ba^e  em- 
ployed for  displaciiifif  the  others  was  tlie  liydnito  of  {xttnsh  ui  a  state  of 
dilute  solution  of  known  strength.  The  changes  of  temperature,  referred 
to  1000  porta  of  water,  were  found  to  be,  with  salts  of : 

Limo —  038'  Oxidoofeinc +  l'74» 

Borjrta 0  0  Protoxide  of  mervary  +  TSfl 

8tronUa 00 lend..  +  2-^3 

Soda   -f  0  08 cop[)cr .  ••-  8  00 

Arnmoaift +  0*74  Oxide  of  silver +  8'93 

MangancM +  \V7  Peroxide  of  iron    ..  -t-  4-09 

Proioxido  of  iroo  ..  +  1*00 

The  (hfferenoes  in  the  resnltB  of  expi'riments  witli  different  aciiis  won* 
not  greater  tliati  usually  occur  in  chemical  reactions,  on  account  of  tin' 
uncertainly  tliat  exists  with  regaixl  to  tiic  values  .»f  chemical  equivalentJi. 

Andrews  has  likewise  shown  that  if  3  nietals  A,  13,  L%  are  so  n.-latc(l 
that  A  is  cAi^Kible  tif  disphicing  B  and  C  from  their  combinations,  and 
also  B  capable  of  displacing  ('.—then,  the  heat  evolved  in  the  subMtita- 
tioii  of  A  for  C  is  ecpial  to  that  dovelofx'd  in  the  substitution  nf  A  for  B, 
together  with  that  which  would  be  evolved  in  the  8ulwttlutit»n  of  B  for 
C :  and  the  bw  may  be  extended  to  any  imml>er  of  metals  aimilarlr 
reluttMl. 

[For  Grulmm's  researches  on  the  development  of  hcnt  in  the  com- 
bination  of  acids  and  ba6e8>  &c.,  vid.  Phil.  Mag.  J.  22,  351,   and 
401.J  f. 
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The  heat  developed  in  those  combhiatinnR,  some  of  which  muHt  bo 
regarded  as  cnmhu8tion&,  may  procoed  from  foiir  distinct  8nurc*8. 

(rt)  From  tlie  ept'citic  heat  of  the  conijiound  boin^  loss  than  the  inoan 
of  the  specific  heats  of  the  combining  mihstanceH  (Crawford).  In  most 
cases,  however,  the  atoms  of  simple  BubstauccB  retain  their  original 
spec^ific  heat  when  they  entt^r  into  combination  (pp.  248., ..251).  In  other 
cases,  on  the  contrary,  combination  in  attended  with  an  actual  increase  of 
specific  heat,  ao  that  the  result  would  be  a  production  of  oo!d,  if  heat 
were  not  developed  from  some  other  cause. 

Thufl,  lib.  of  hydrogen  gas  of  'S-2'iVi  specific  heat  combines,  under  the 
most  violent  evolution  of  lunit,  with  8llx  of  oxygen  of  specific  heat  0'2;i6, 
pnvducing  S>lbs.  of  water  of  specific  heat  l-OOO, — whereas  calculation  gives 

f — —  — ^^  J=0'576  as  the  mean  of  the  two  specific  heats. 


If 


then  water  had  a  specific  heat=0'.'J76,  the  quantity  of  sensible  heat  in 
hydrogen  and  oxygen  gasca  together  would  be  exactly  siilHcient  to  bring 
the  water  formed  to  the  siame  tcmjH.'i'ature  as  that  of  the  gases  themselves : 
but  since  the  actual  Sfweific  heat  of  water  is  IMJOO,  the  rpiaiitity  of  sen- 
sible beat  in  the  gases  is  not  eulTicietit  for  this  [rtn-jxiKO  ;  and  if  heat  were 
not  develop43d  from  s'tnic  other  cause  during  the  combination  of  oxygen 
and  hydretgen,  the  water  produced  would  be  much  colder  than  the  two 
gasea  bufore  CuiHbinatitm. 

b.  The  heat  developed  may  arise  from  separated  heat  of  fluidity,  if, 
during  the  combination,  gaseous  or  liquid  Kubstancea  pass  to  the  liipiid 
or  solid  state.  This  however  will  not  account  satiKfactoiily  for  tlie  more 
intense  evolutions  of  heat  in  eonibustiouB  and  other  cotnbiiiatiima  :  for  the 
latent  heat  of  gases  and  liquids  is  small  in  comparison  with  such  deve- 
lopments of  heat.  Moreover,  in  many  instances  the  combination  is  not 
attended  with  condensation  ;  e.  g,  hi  the  combustion  of  charcoal  and 
Buljiliiir  in  oxygen  gas,  and  of  hydrogen  in  chlorine  gas;  or  again, 
gaseous  products  are  formed  frttm  solid  bodies,  great  heat  Ivcing  at  the 
same  time  evolved,  as  hi  the  explosion  of  nitre  with  charcoal,  &c. 

c.  The  heat  evolved  may  be  a  kind  of  heat  different  from  beat  of 
fluidity,  producing  no  particular  state  of  aggregation,  but  existing  in  a 
state  of  more  intimate  etiemicat  combination  with  the  ponderable  matter, 
and  st.'t  free  when  one  i>onderable  substance  combines  witli  another. 

d.  The  heat  is  formed  at  the  moment  of  combination  by  the  union  of  the 
positive  electricity  of  the  one  body  with  the  negative  electricity  of  the  other. 

Either  the  ca.uae  adduced  under  c,  or  that  in  d,  or  both  together,  must 
be  admitted,  in  order  to  exfilain  the  development  of  heat  which  accom- 
panies the  combination  of  jxjnderahle  botlies.  (See  the  observations  on 
the  Theory  of  Comimation  under  the  head  of  Oxygen,  vol.  ii.  p.  27.) 

Cold  is  jrroditced  (1)  Principally  in  some  of  those  chemical  combina- 
tions in  which  soUd  bodies  pass  to  the  li«iuid  state, — combmatious  which 
are  brought  about  by  feeble  affinities,  tlio  (juantity  of  heat  devetojicd 
being  probably  far  from  sufficient  to  render  the  dissolving  body  liquid,  so 
that  more  heat  must  be  ubsorbi'd  ami  rendered  latent  to  supply  heat  of 
fluidity  ;  e.  </.  in  the  Bobition  of  various  salts  in  water  and  tiilute  acids, 
and  more  especially  on  mixing  these  salts,  as  well  as  certain  acids,  crys- 
tallized ftotash,  or  alcohol,  with  ice  or  snow, — though  the  same  substances, 
when  mixed  with  water,  evolve  heat.     {Freezing  Mixtures.) 

Such  of  these  substunces  as  contain  water  of  cr^'stalliKation  must  not 
be  deprived  of  it ;  otherwise,  when  mixed  with  water,  they  will  produce 
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keu  instead  of  ooU. — ^TW  Mixe  faeiy  tke  —twiMrea  are  pnhrerixed,  the 
more  qnkUT  thej  are  azxed,  liie  lirger  their  qaaatity,  and  the  smaller 
Ike  ooadactiDp  povterof  tW  camta^mg  Tcaseb,  the  greater  will  be  the 
degree  of  ooU  {VMlaQed. — ^To  prodooe  me  greatest  powahle  degree  of  caldf 
tiie  sabetanoes  of  v^ick  tke  Iieeiaig  KStare  is  to  be  made  are  cooled, 
brfore  mixiiig;  m  another  faeentg  aixtare;. — ^Witk  respect  to  this  matter, 
it  mast  be  obwentd  that  a  adatka  of  oi— ■  sah  in  water  is  completely 
resolved  at  —  2Cr  into  ioe  and  crr^tafiaed  sah ;  thnefoie,  commcm  salt 
and  snow  Ckx4ed  to  this  pcdit  w>  loDgeract  on  one  another;  whereas  with 
chloride  of  cakram  and  auw  the  cioireepn£ng  point  is  as  low  as  —  60°, 
and  with  soj^oric  acid  and  snow  mnch  knrer;  so  that  this  mixture, 
when  the  ingredfents  have  been  ptx>palT  cookd,  is  capable  of  producing 
the  most  intense  degree  of  coU.    (llmrar.) 

One  part  of  water,  in  fisEulrine'  1  part  of  nitrate  of  Mnmnni^  pro- 
daces  a  lowering  of  tempaatnre  firaii  -t-  IC*  to  —  15*5^ ;  with  ^  sal- 
ammoniac  and  ^f  nitres  &um  ->>  10*  to  —  1^;  with  1  pvt  of  nitrate  of 
anrnKinia  and  1  part  of  caibonate  of  soda.  £ram  -r  l<r  to  —  IS'8 ;  with 
0*S  sal-anmMniac  0-1  nitre^  and  0^  chkride  of  cakhnn,  from  +  25**  to 
^fi* :  widi  ^  sal-ammoittac.  ^  nitre,  and  ^  danbet's  salt,  from  -f-  10" 
to  —  15*5* ;  1  pan  of  water  E^wise  pnjdoces  a  considerabfe  degree  of 
ookl  with  ^  sal-amnkwiac  ^  nitre,  and  f  Glaabei's  sah ;  or  with  ^  sal- 
amnMniae,  |1  nitre,  and  \l  Gkaber  s  sah.    (Walker.) 

Bt  dkssMTing  1  part  of  a  skh  in  4  parts  of  water,  the  foflowing  re- 
dactioDS  of  temperature  are  obtained :  sal-ammootac  15*19^ ;  nitrate  of 
amuKttia  14*1*;  sulphate  of  potash  ±^';  chloride  of  potassima  11-81°; 
nitre  lO-^';  Gbob^s  sah  d*!' ;  commoo  sah  2-r  ;  nitrate  of  soda  9*46^; 
chktrUe  of  barium  4*5* ;  nitrate  of  baryta  2-1* ;  sulphate  of  magnesia 
4*5' ;  sulphate  of  xinc  3*1';  mtrate  of  lead  1-9^ ;  snlplate  of  copper  2-27°. 
— ^If  1  pan  of  a  sah  be  ifis»:ihed  in  4  parts  of  a  saturated  auntion  of 
another  salt,  the  following  de^nrees  of  cvU  are  ptodnced :  sal-ammooiac  in 
8olutii>n  of  common  salt  S-4" :  in  s«^-»Iat>x»  of  nitre  12*6° ; — nitre  in  solu- 
tion of  sal-iUiiniv^:i:AO  y-To :  iri  jS":'-^:;  :.  , :  o-.>ni::i:>n  <aui  d--l" ;  of  nitrate  of 
soda  7-0t>"  :  of  uitruto  of  l^niia  i»-75' ;  :  nitrite  of  leski  y-5' : — GUuIkt's 
salt  in  s^^tlutioii  of  cvmuiu-.-u  sal:  4-7o'  ; — o.-ciai  a  salt  in  sc»lation  of  sul- 
pliato  of  ».vi>i<or -l-P:  nitrato  of  s.>ia  iu  s-Iuuoa  of  ^-ammoniac  9-1°; 
of  nitrv  9-2' ;  of  ».vnimoa  salt  761"' :  of  oL*  -rl-ie  of  huium  2-75' :  of  nitrate 
of  load  8" ; — nitrsite  of  baryta  in  S'.-lutioa  vf  lutiv  <;»-7o" ; — sulphate  of  zinc 
in  solution  of  sul^<hate  of  p>tash  l-7o' : — sulj^.ate  uf  cc>H*r  in  solution  of 
conunou  salt  4-9'. — The  foll>^wiac  salts,  oa  the  o.mtrary.  prvJuce  rise  of 
tciujtt'ratun." :  ivmmon  salt  in  s- luti-  n  of  sal-aaim-'niao  4-5t>' ;  in  solution 
of  (.ilauK't's  salt  1-7J»"  ;  of  :i::n^'  «r7o" ;  i-f  nitrate  of  s«.Ja  3*8" ;— chloride 
of  kiriuiu  in  solution  of  ui;ra:e  vi  Sixla  <.»-04'.  \^Kar>ten.  ScMrijtai  d. 
Btrl.  Abut.  IvMl.) 

Tlini'  jKifts  oi  cFA-stallized  neutral  oarh  -nate  of  s.>ia  dissolved  in  10  parts 
of  water  pnxhKV  a  lowering-  of  tem|vraturv  amounting  to  8*9%  whilst  3 
}iarts  of  the  siuiH*  s;ilt  in  the  anhydn-us  state  diss-^lved  in  10  parts  of 
water  cause  a  rise  ot  tenijvrature  of  l:*-2-. — 3  jurts  <.>f  crrstallized  Glau- 
ber's s;ilt  with  10  jvirts  of  water  }>niduoe  a  fall  of  6'7";  on  the  oontranr, 
8  {.Kirts  of  iby  (IlauU'r's  salt  with  10  j«arts  -^ti  water  cause  a  rise  of  2-2*. — 
3  jwrts  of  orjstalliz».Hl  sul{4iate  of  mainiosia  with  lo  {^larts  of  water  produce 
a  fall  of  3*1 "' :  and  3  {sirts  of  crkstallizt-vl  |.n>t'«sulj>hate  of  iron  with  10 
parts  of  water  also  j^inluce  a  fall  of  tem^ierature  amounting  to  S'l^ 
''''>"«^8on,  JitcunU  of  Gen,  6c.  l»3tJ,  Julv;  also  BiU.  tuwr.  5,  182;  also 
on.  18,  176.) 
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One  part  of  a  mixture  of  60  parts  of  oil  of  vitriol  and  55  water,  mixed 
with  1|  [lartB  of  Glauber's  salt,  cords  from  +  10°  to  —  8". — One  part  of 
dilute  LydlriK-liloric  ucid  with  If  Glunber's  salt,  from  -f  10°  to  —  17"8''. 
— 1  part  of  dilute  nitric  acid  gives  the  folhnviiiff  reductions  of  tempera- 
ture :  with  1  sal-ammoniac,  ^  nitre,  1|  (Jlanber's  Bait,  from  -f-  lO*"  to 
—  lii^i — with  1|  nitrate  of  aninmnia  ami  2^  phosjihate  of  soda,  from 
+  10''  to  —  (j^;  with  2j  phoapbatc  of  soda,  from  +  10''  to  —  IT; — aiid 
with  l\  (ilauber'8  salt,  from  +  10'  to  -  IG°.     (Walki-r.) 

Cooled  mixtures  of  oil  uf  vitriol  and  water  in  different  proportions 
give  witl»*(Jhnilter*8  salt,  according  tn  Uischof  and  Wijlluer  {iichw.  52, 
371),  the  fuUowiuy  reductions  of  temperature. 


OU  of  vitriol. 

Water. 

GJ«iib.  talL 

SOO 

208 

B85 

22-50* 

ftOO 

250 

037 

20-25 

A«0 

300 

9yo 

26-25 

«00 

333 

1040 

27-50 

soo 

416 

1150 

26-75 

500 

500 

1000 

26-25 

500 

600 

1250 

24-:i7 

600 

635 

HOO 

lU-OG 

900 

750 

15G0 

18-41 

Six  partB  of  oil  of  vitriol  produce  heat  with  G  parts  of  snow,  neither 
heat  nor  cold  with  8  parts,  and  intense  cold  with  a  larger  quantity  of 
snow.     {.'<t'6cftioiii.  1,  2,  H7.) 

Cheap  freezing  mixtures  for  producing  ice  in  siiramer,  with  description 
f if  the  apparatus :  4  partn  of  a  cooled  mixture  of  50  <>il  nf  vitriol  and  55 
water,  with  5  parts  of  Glauber's  salt,  ur  H  parts  of  bydroeliluric  acid  of 
15°  B.  with  14  parts  of  Glauljer's  suit.  (De-courdemauche,  y.  iVwrwi.  11, 
584;  also  JV.  7V.  14,  2,  241). ) — 12  f«irtH  of  a  mixture  of  3  oil  uf  vitriol 
and  2  water  with  17"5  parts  of  OluubLti'ij  Halt.  (Malajjcrt, /. /'/(*fr»i.  21, 
221  ;  lUso  Ann.  Phaim.  18,  MH.)—'i  parts  of  a  mixture  of  7  oil  of  vitriol 
and  5  water  with  4  paita  of  Glauber's  Bait.  (Buutigtty,  J.  Chim.  Med.  10, 
400.) 

One  part  of  snow  or  pcmnded  ico  produces  the  following  degreca  of 
cold:  with  -^  dilute  Hulfihuric  aeiil  (4  oil  of  vitriol  and  1  water)  from  0" 
to  —  32-5'';— with  1  dilute  suli»huric  acid  from  —  7"  to  —  SI'*.  (I  have 
also  obtained  a  considerable  degree  of  cold  by  mixing  the  crj'stalli/ed 
com[Mmnd  of  49  oil  of  vitriol  and  0  water  with  ku<»w); — with  :J^  dilute 
nitric  acid,  from  —  23"  to  —  49°; — with  1  dilute  nitric  lu-id,  from  —  1 7-8'* 
to  43°; — with  1^  cryHtalUzed  potash,  from  0'^  to  —  2y°; — with  |  comnujn 
salt,  frimi  17'8"  t<>  —  20'5^; — with  1  cimitnoti  aalt,  from  0^  to  —  H-H"  i-^ 
with    -j^y   common   salt   and    ^^    nitnite  uf   amrmmia,    frdin  —  27"8''   to 

—  317°;— with  A  ehbridu  of  calcimn,  fr.im  —  ^  to  42'r>°;— with  1^  chlo- 
ride of  calcium,  from  0"  to  —  49'^; — with  1^  chhiride  tif  cak-ium,  frum  U° 
to  —  27-&',  and  from  —  7°  to  —  47" ;— with  2  chloride  of  i-ulcinm,  from 

—  U'S"  to  54-4°,  and  with  3  chloride  of  calcium,  from  —  4*1"  to  —  ^H" ; 
and,  according  to  Tralles  {GUb.  3rt,  3(!5),  with  abai>luU>  alcohol,  from  0"  to 

—  3fi-9%  with  highly  rectilied  spirit  from,  0"  to  —  30°. 

Orioli  (iN^MOf.  Cofkz.  di.  Op.  Scient.  1823,  104;  also  Ferwaac  Bull,  dea 
Sc.  Math.  Phys.  et  Chim.  1825,  117)  obtained,  on  mixing  solid  amalgam 
of  lead  with  soliil  amalgam  of  bi«muth — the  two  Bubstances  at  the  same 
time  becoming  Hquiil — fi  reduction  of  temperature  amounting  to  22°. 
According  to  Doborciner  {Scltw.  42,  182;  also  Kaatn.  Arch.  3,  90),  204 
I>art8  of  load-amalg-ain  (ousistuig  of  103  lead  and  101  mercury)  mixed 
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with  172  bismutli-amalgara  (71  bismuth  +  101  mercury)  cool  from  +20" 
to  —  1";  if  to  this  mixture  there  be  also  added  202  parts  of  mercury^] 
the  temperature  falls  to  —  8°.     Wlieii  a  finely-divided  mixture  of  59 
lO.'J'o  lead,  and   182  bismuth  is  dissolved  in  808  parts  of  mercury,  the 
temperature  falls  from  +  17'b°  to  —  10°. 

2.  The  mixture  of  Ikiuids  is  in  some  few  iustanceB  attended  with 
reduction  of  temjK^rature,  condensaticm  taking  place  at  the  same  time. 
This  effect  is  jx^rlnvps  due  to  the  greater  8[_>ecific  heat  of  the  mixture. — 
Thus,  on  mixing'  41  parts  of  a  concentrate^<l  aqueous  solution  of  nitrate  of 
ammonia,  sp.  gr.  =  1'302,  with  34  parts  of  water  at  1G°  C.  the  tempera- 
tare  falls  5",  and  the  mixture  baa  a  specific  gra\aty  of  1'159,  the 
mean  sp.  gr.  being-  1-151.  Similar  effwts  are  produced  on  mixing  several 
other  saUne  solutions  with  water;  but  the  reduction  of  temperature  is 
not  BO  great. 

With  the  same  quantity  of  water,  a  saturated  solution  of  chloride  of 
potassium  gives  a  reduction  of  temperature  of  0"75° ;  that  of  common  salt, 
of  O'.'iB".  A  satur.'ited  solution  of  nitre  gives  with  a  saturated  solution 
of  nitrate  of  soda  a  rise  of  O'OS";  but  an  equal  weight  of  water  added  to 
this  mixture  produces  a  fall  of  I'i-I".  Saturated  solutious  of  the  follow- 
ing salts  produce,  when  mixed  in  equal  quantities,  the  following  degrees 
of  cold  :  sal-ammoniac  and  nitre  O'Ci"  ;  suljthate  of  potash  and  nitre  0'44'^ ; 
chloride  of  barium  and  sulphate  of  zinc  (accompanied  by  precipitiitiou) 
2"  ;  sal-ammoniac  with  excess  of  sulphate  of  copi>er  l-G'', — whereas  when 
the  sal-ammoniac  is  in  excess,  a  rise  of  1*6"  takes  place.  (Karsten, 
{Schriflen  d.  Bcrl.  Akad.  1841.) 

3.  Development  and  Absorption  of  Heat  from  Mechanical  CaH94^^^M 

A.  Developimnt  of  Ileal  accompanifing  Adhesion-Phenomena. 

When  any  liquid  substance  iienetrates  finely  di\'ided  bodies  by  capO* 
lary  altrat'tion,  no  chemical  combination  taking  place  between  the  two,  a 
rise  of  tciii[>firature  takes  [ilace,  amounting  ui  the  case  of  inorgjinic  solid 
bodies  to  between  J  and  ^^^  but  with  organic  bodies — probably  because 
they  are  more  parous  and  therefore  present  a  larger  surface — to  between 
l»and  10°.     (Pouillft.) 

Puuillet's  experiments  were  made  with  water,  alcohol,  acetic  ctbor,  and 
oils  ;  Use  solid  inurganic  bodies  into  which  he  caused  these  liquids  to 
penetrate  weje  the  filings  of  different  metals,  the  powders  of  suliihur, 
glass,  pt.trcelain  clay,  various  earths,  aud  heavy  metallic  oxides  ;  and  the 
organic  substances,  charcoal,  wood-shavings,  cotton,  paper,  roots,  seeds, 
flour,  hair,  wool,  animal  skins,  &c.  The  development  of  heat  from  this 
cause  hab  been  confirmed  by  Regnault.     (jinn.  Clam.  Phys.  7C,  133.) 

B.  Development  of  Heat  produced  by  Mechanical  Alteration  of  Density. 

Every  mechanical  compression  or  condensation  of  a  btxly,  even  if  it 
does  not  produce  a  change  in  the  state  of  aggregation,  is  attended  witli 
evolution  of  heat ;  overj'  exiKinsion  of  the  l»ody,  on  the  contrary,  though 
unattended  with  actual  change  of  aggregation,  gives  rise  to  absitrptiun  <.if 
heat.  The  development  of  heat  by  compressinn  is  probably  due  chietiy 
to  diminution  of  s{K*cific  heat  in  consequence  of  increase  of  density  ;  the 
absoq^tion  ()f  heat  bv  exiiansion  to  increased  eajmcity  for  heat, — aud  the 
more  80,  since  the  development  of  beat  is  greater  m  proportion  to  tb« 
degree  of  condensation. 
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when  suddenly  c/>mptTfiScd  evolves  a  cousidorable  degree  of  heat, 
sufficient  to  ignite  (Jornian  tiudor  {Ftre-gffrinf/e).  According  to  Thf'nard, 
(Ann.Cfiim.  Plitjs.  44,  181;  also  Pogg.  19,  -Ht)  pa|x.T,  oiled  pajier,  and 
wood  may  also  be  ig'nited  by  Buddeu  oiminessinn  in  fixygcti  g^aK,  and 
oiled  pajier  iu  chlorine  gas;  also  fuliuinating  silver  may  lie  jiiadt^  to  deto- 
nate in  liyJni{^t"i),  nitrugeii,  or  carbonic  acid  gas. — The  great  retttiction 
of  temperature  which  takea  place  in  air  under  the  receiver  of  the  air- 
jump  on  sudden  ex[>ansion  may  be  etrikingly  shown  by  means  of  the 
kte  thennoscope  of  BregTict. —  Liquids,  which  are  but  Bhghtly  com- 

jible,  evolve  but  httle  heat  when  subjected  to  pressaiv.     Under  a 

f pressure  of  40  atmospheres,  water  exhibitH  scarcely  any  rise  of  tempera- 
ture, alcohol  only  1  ,  and  ether  4"  or  5°.  {CoUadun  &  Sturm,  Poytj.  12, 
161,) — Metals  become  hot  and  even  red-hot  by  hanimering,  their  density 
ftt  the  same  time  increasui";^.  In  tbo  stumptiig  of  coin,  the  development 
of  heat  produced  by  the  first  blow  is  greater  than  that  produced  by  tho 
second  or  third :  the  uicrea^o  of  deuHity  is  likewiBo  greatest  at  the  first 
blow.  Copper  coins  become  n)orc  heated  than  pilver,  and  silver  tlian 
gold ;  the  six'cific  gravity  also  increases  most  in  the  coftper  and  least  in 
tlie  gold.  (Berthollet,  Pictct,  Biot.)  In  the  boring  of  cannon  with  iron 
borers,  great  heat  is  evolved,  whether  the  operation  be  {x^rfonned  in  ordi- 
nary air,  rarefied  air,  or  water.  (Rnmford.)  When  an  iron  rod  is  brokou 
by  banging  weights  to  it,  it  lenglhens  considerafilybefore  breaking  and 
becomes  verj'  hot.  (Bariow,  Ann.  Phil.  l(i,  311.)  An  alloy  uf  1  part  of 
mm  anti  2  of  antimony  emits  sparks  when  hied.  (Becquurel.)  On  a  re- 
Vfilving  grindstone  7^  feet  in  diameter,  an  iron  nail  becimies  whtte-liot  in 
^  niinule,  brass  red-hut  in  \  luitiute  ;  a  glass  tulie  l>ecomeH  red-ljut,  melts 
and  flies  nff.  (Ileinrich.)  Agate  rnbbecl  on  tlie  same  grindstone  gives  off 
sparks  which  travel  with  the  giindstone  for  a  little  distance — tlic  agate 
also  beciimes  brigblly  retl-hot.  The  gluwing fragments  wliich  iiy  off  hnm 
glass  rubbed  on  the  grindHlime  set  lire  to  gimpowder  (accurding  to  Wedge- 
wood).  Two  i>ieces  of  wond  takehre  when  rubbed  hard  logether.  When 
rough  glass  is  rubbed  on  smotith,  the  f (inner  becomes  more  strongly  heated 
than  tlie  lattery  similarly,  mugh  cork  on  smofjth ;  when  wliite  satin  ia 
rubbed  on  bbick,  the  former  is  most  Btrongt3' heated;  on  rubbuig  toge- 
ther smooth  glass  and  cork,  the  riae  of  temperature  in  the  two  is  as  34  : 5 ; 
with  ground  glass  and  cork  as  40  ;  7;  silver  and  cork  as  50  :  12  ;  caout- 
chouc and  cork  as  2D:  11.  (Becijuerel,  Ann.  Cfiim.  Pfit/s.  70,  23d.) 


III.  Influence  or  IIeat  on  ttib  Cmemicaj-  Combinations  and  Becom- 

P0S1TI0N8   OF   rONl>ERAULK   Boi>lES. 

The  inflnenco  of  heat  on  the  cbemical  combinations  of  ponderable 
bodies  in  which  it  acts  jvirlly  as  the  principle  of  fluidity,  partly  in  a 
manner  unknown,  has  been  considered  (pp.  3(5  and  37).  Of  deconipositions 
of  fifindcrable  Biibstancos  produced  by  heat,  an  account  has  been  given 
pp»  119...122,  and  iy2...166. 

^  The  most  remarkable  instance  of  dcc/>mpoBit!on  by  heat  is  the 
rcsobition  of  water  into  its  constituent  gases  by  the  agency  of  incan- 
descent platinum,  lately  discovered  by  Mr.  Grove.  {Phil.  Mng.  J.  30, 
68;  31,96.)  A  platiuimi  wire  is  sealed  into  the  closed  extremity  of  a 
kind  of  tube-retort,  having  its  neck  narrowed  close  above  the  wire.  The 
tube  is  filled  with  pure  water,  and  the  current  of  a  voltaic  battery  made 


302 


HEAT. 


to  pass  thrniipfh  the  wiro.  As  Honn  as  the  wirr  Iwrnmca  incandescent,  it 
forma  amiintl  itself  an  atuiOHphero  of  vaiwtur,  which  it  imraodiately  decom- 
poses. MnrcDvur,  a  natural  valve  iK-idff  formfil  hy  the  conflict  of  aKCCnd- 
ing'  gas  and  di'soon^ling  water,  thobnliMos  of  mixed  j^a  are  cut  off  by  an 
iritennittcnt  action ;  and  thus,  as  their  reci^nihiiiiitioii  is  prevented,  a 
volimie  of  ^,vs  collects  in  the  bend  of  the  tulie  and  is  nltimately  exjH'Qed 
at  the  oriJjce.  It  detonntca  on  the  application  of  a  light.  If  again,  a 
button  of  platinum  wijc  l>e  fully  ignited  by  the  oxyhydropcn  blowpipe, 
and  then  plunged  into  water  heated  nearly  to  its  boiling  [mint,  bubbles  of 
mixed  gas  a«cend  and  may  be  coll(?cted  in  an  inverted  tuln?.  Various 
forms  of  apparatus  have  been  devised  for  the  puqioBc  of  increasinji^  the 
action  and  rendering  the  evolution  of  g-aa  continuous;  they  are  fuUy 
described  in  tlie  memoir  above  referro<i  to.  The  decomposition  may 
also  be  effected  by  means  of  an  ignitt^d  button  of  the  alloy  of  iritlium  and 
OBmium, — also  by  ignited  |ialladiniii ;  but  the  effects  are  not  so  striking' 
as  with  platinum.  Silica  and  other  oxides  also  seemed,  in  Air.  Grove's 
cxpcrimentB,  to  effect  the  decomposition ;  hut  the  results  were  not  satis- 
factory. 

The  mode  of  action  in  this  very  remarkable  {ihcnomcnon  is  involved 
in  flomc  obscurity.  Various  explanations  have  been  suggested :  some 
have  attributed  it  to  a  catalytic  action  of  the  platinum.  But  it  is  perha|)6 
most  probable — as  suggested  by  tlie  discoverer — that  the  cause  of  the 
clecompwitinn  is  to  be  found  in  the  rarefaction  produced  by  the  heat. 
GrotthnsH  has  shown  that  mixtures  of  oxygen  and  hydrogen,  or  chlorine 
and  hydrogen,  when  much  rarefied,  will  not  detonate  by  the  electric 
spark.  We  know  also  that  other  comf^unds  may  be  deeompctsed  by 
mere  elevation  of  temjx'rature :  e.g.,  oxide  «>f  chlorine  at  a  vorj'  moderate 
heat,  ammonia  at  a  higher,  and  certain  metallic  oxides,  ■viz.  the  oxides 
of  mercury,  silver,  gold,  and  the  otiier  noble  metals,  at  a  still  liighcr 
temperature ;  and  the  decoinpoeition  of  water  in  the  manner  iust  described 
appears  to  form  the  final  term  of  this  series  of  actions.  There  appears 
indeed  to  be  an  extensive  series  of  facta  which  |Joint  to  a  generalized 
nntagonism  between  thermic  repulsifui  and  chemical  affinity,  and  a  con- 
sequent establishment  of  the  law  of  continuity  between  physical  and 
chemical  attraction  (vid.  Phil.  Mag.  X  31,  96.)  %. 


Observation  1.  Davy,  who  doubts  the  materiality  of  heat,  explains 
the  difference  lx;twcen  a  hot  and  a  cold  Ixidy  by  KnpjKising  the  atoms  of 
the  former  to  make  larger  vibrations  than  thuse  of  the  latter:  hence 
expansion.     The  same  view  is  taken  by  Mohr.  {Ann.  Pharm.  24,  141.) 

Observation  2.  Irvine  and  iJalton  make  no  <hffertMice  l»etweeu  free 
and  combined  lieat.  Wlien  uncombined  heat  becomes  accumulated  in  a 
solid  body  to  a  certiun  fxiint,  it  causes  that  body  to  assume  tlie  liquid 
form;  and  since,  according  to  the  fipinion  of  tlu^ae  philosophera,  this 
change  of  form  is  accompanied  by  increased  capacity  for  heat,  absorption 
of  heat  must  take  place.  They  therefore  consider  all  development  and 
ftbeorption  of  beat  in  chemical  or  mechatiicd  changes  of  ponderable  I>odiea 
M  proccciding  from  an  alteration  of  capacity  for  heat  Accrirding  to 
tbcM  hyrotOMea,  they  endeavour  to  find  the  'so-called  Zero,  the  ohM>lute  0 
of  thtaoue  of  temperature^  or  the  absolute  quantity  of  heat  contained  in 
iMuIies.  Since,  e.  g.,  tijo  specific  heat  of  loe  is,  accc>rding  to  Kirwan, 
O'U  that  of  water,  and  ice  m  possuig  to  the  state  of  water  absorbs  75' 
of  heat,  these  75*  aro  equal  to  one-tenth  of  tJic  absolute  quantity  of  heat 
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contained  in  water ;  hence  the  zero  of  the  temperature  for  water  at  0" 
must  be  situated  at  —750°  (—1318°  Fah.)  They  likewise  determine 
the  zero  from  the  heat  evolved  on  mixing  two  Bubstances,  and  the  specific 
heat  of  the  resulting  mixture.  But  the  widely  discrepant  results  of  these 
calculations,  according  to  the  nature  of  the  substances  considered, — ^the 
zero  being  situated,  according  to  Dal  ton's  experiments  between  —6180 
and  —2890,  and  according  to  an  experiment  of  Lavoisier  and  Laplace, 
actually  above  red  heat, — are  the  best  arguments  against  the  rejection  of 
the  theory  of  combined  heat.  If  the  statement  of  Delaroche  and  Berard, 
that  the  specific  heat  of  vapour  of  water  is  only  0*8470,  should  be  com- 
pletely established,  the  preceding  view  of  the  subject  would  be  com- 
pletely overthrown,  since,  if  there  were  no  such  thing  as  combined  heat, 
the  conversion  of  water  into  vapour  would  then  be  attended  with  evolu- 
tion of  heat. — Comp.  Thomson  {System  of  Chemistry). 

Clement  &  Desormes  place  the  absolute  zero  at  — 266'6**C.  (— 447*9* 
Pah.)  partly  with  reference  to  a  not  very  probable  hypothesis  concerning 
the  heat  contained  in  a  vacuum  (p.  252),  partly  from  the  following  con- 
siderations. Aif  at  0°  expands  for  each  degree  C,  of  heat  superadded 
hy  loVa'aa  or  i^t»  *^d  contracts  for  each  degree  of  heat  abstracted, 
by  T^-r*  I^  ^^  ^'^  ^  apphcable  at  all  temperatures,  the  limit  of 
diminution  of  volume  must  be  found  at  —266*6*';  below  this  point  there 
can  be  no  further  contraction  of  volume  and  therefore  no  further  abstrac- 
tion of  heat.  Or: — If  266*6*'  of  heat  be  imparted  to  air  at  0",  its  volume 
becomes  doubled ;  according  to  the  above  law,  the  air,  when  its  volume 
is  doubled,  must  contain  twice  the  quantity  of  heat  which  it  contains 
at  0^;  consequently  at  0°  it  must  contain  266*6"  more  heat  than  at  the 
absolute  zero.    [Vid,  p.  256.] 


304 


ELECTnrCITY 


Chapteh  TTL 
ELECTRICITY. 


Tn.  Andrews.    Thermo-Elcctricity. 
41,  1G4. 

Conducting  power  of  Flame. 


Phil.  Mag.  J.  10,  433 ;  also  Po^. 
PkU.  Mag,  J.  9,  17Gj  also  Fogg, 


43,  310. 

Abmstrong.  Electricity  l>y  ExpauBiou  of  Air  and  Aqueous  Vapour. 
Fhil.  Mfig.  J.  18,  1.33,  328  and  500;  19,  25;  20,  5;  21,  1;  22,  194 » 
Ann.  C'hi'm.  Pfn/s.  75,  328 ;  Po/jg.  52,  328. 

Becquerfj.,  Electriiuty  by  Pressure.  Ann.  Chim.  Phi/s.  22,5;  Thenno- 
electricity,  23,  135  (also  Schto.  39,  448);  Chemical  Electricity,  23, 
152;  23,  244  (also  S<-hii\  40,  385);  23,  259  (alao  ScJiw.  40,  405);  24, 
203;  Electricity  by  Cafiillarity,  24,  237  (also  Schic.  40,408);  Che- 
mical Electricity,  24,  348;  25,  405  (also  6cAit'.  43,  71;  also  Fogg. 
2,  169);  2(;,  176  (nUit  Sc/tw.  44,  153;  also  Pog^.  2,  180);  27,  5 
(also  Pf>ffy.  2.  191);  27,  14  (also  Poyy.  2,  201);  2H,  19,  and  27  (also 
N.  Tr.  11,  1,  230);  Tbermo-eleetricity,  31,  371  (also  Poyy.  9,  S45); 
Cbeniica!  Electricity  34,  l.'iS  (also  A'^y.  11,  457);  35,  113-  EIoc- 
tritdty  by  CUiavagc  of  Crystals,  36,  265  (also  Po^g.  12,  147);  Eleo- 
tricity  by  Wire  in  Flame,  3C,  328  (also  Po^a.  11,  437);  Crystal- 
electricity,  37,  5,  and  35a  (aleo  Poy7.  13,  628);  Friction-electricity 
of  Metals,  38,  113  (also  Pa^jf^.  13,  619);  Comfwunda  p^odoc^*d  by 
Electricity,  41,  5  (abstr.  Poif>f.  16,  306);  Tbcrrao-electricity,  41, 
353  (also  Pnqy.  17,  535);  CoriilniiationH  and  Decompositions  by  (3al- 
vanic  Action,  42,  226  (also  Pojiy.  18,  143;  also  Schw.  58,  439); 
43,  131  (also /•oyjT.  18,  147);  43,  380;  Thermo-electricity,  Friction- 
electricity,  and  Chemical  Electricity,  40,  2G5,  and  337 ;  Galvanic 
Decomjxjfiitinus,  48,  337;  Electricity  devel(»|)ed  in  the  CeraentatioD 
of  Iron  liy  Charcoal,  49,  131 ;  Platinum  witli  tioltl,  Per»"»3cide  of  Man- 

f;anese,  Black  Ijcad,   60,  161;  Galvanic  Formation  of  Carbonate  of 
iimo,  60,   173;  Galvatiic  Ajiparatiift  with   Nitric  Acid  and  Potash, 
Bibt.    univ.  60,    215;    also  Pojw.   37,   429.— Also  Ann.   Chim.  Pk^ 

66,  84 ;  also  Pofff.  44,  437. — Elc^ctric  Current,  which  deconi))080B, 
but  docs  not  produce  Heat.  BQ>L  univ,  59,  218;  also  Pogg.  37, 
433. 

Becqtikrki.  (E).    Conducthigr  Power  of  Solids  and  Liquids.     AT.  Ann* 

Chim.  Phjs.  20,  53. 
Vak  Beek.    Metals  with  Sea-water.    Pogg.  12,  274;  again,  Ann,  CUr. 

Phys.  64,  225. 
Bketz.    Certain  Phenomena  of  Voltaic  Decomposition.     Pogg.  61,  209.— 

Rusting  of  Iron,  and  Its  Connection  with  the  Passive  State,  9t, 

234.— Voltaic  Polarization   of    Iron,   03,   283. — Passivity  of    Iroa, 

67,  186. 

Bekzelivs  &  TIisiNOKR.  Galvanic  Decnmpnsition  of  Salts.     Gilh.  27,  270. 
iJKUZKurs.     Galvanic  Action    on   Coloured    Pa|KJr8.      Gilb.   27,   816.— 

Theory  of  the  Electric  Pile.     N.  Gehl.  3,  177. 
BnfKS.     Laws  of  Galvanism.     Phil.  Mag.  J.  11,  02;  12,  54,  185,  171,  and 

276. 


ELECTRICITY  . 


305 


G.BrsciiOF.  Voltaic  Pile.  Kastn.  Archiv.  4,  13. — Electric  Scries  of 
Metals.     Scftw.  52,  230. 

R.  BoTTGER.  Tlienno-elc'ctiicity,  Po<jg,  50,  41. — Nobilj's  Rings.  J.  pr. 
Chcm.  8,  \1\]. — Electricity  pnidiict'ci  l>j  Tin  with  nitrate  cif  Co])|ht. 
Ann.  Phariii.  21),  77. — Galvanic  Tinning,  Gilding',  Platinizing,  ami 
Ziukiiig.  Ann.  Pharm.  34,  81;  35,  221,  :ind3,'>fi;  .'ii),  171.— E!<^ctnt- 
type.  Ann,  Pharm. 'A^,  21C;  39,  180. — Production  of  pure  Iron  in 
the  coherent  State  by  Galvanic  Electricity.     Pi>>i<j.  G7,  117. 

Brewoter.  Crystal-Electricity.  Ediub.  J.  of  iSc.  1,  208  ;  vA^oPogg.  2,  297  ; 
also  Si^hv.  43,  87. 

Buff.     Giilvanisia.     Attn.  Pharm.  82,  1  and  7;  34,  129  jind  241  ;  35,  1. 

A.  CoNNEL,  GaUsinic  Deeom|i<)sitions,  N.  Ediub.  Phil.  J.  ID,  1G3;  Phil. 
Tranattct.  of  Ediub.  13;  also/,  jjr,  Chim.  5,  167;  Phil.  Mag.  J.  18, 
353. 

Caixak.'  New  Voltaic  Battery.     Phil.  Mag.  ,/.  31,  81. 

Gumming.  Thermo-electricity.  Ann.  Phil.  21,  427;  22,  177  and  321; 
also  Svhw.  40,  312  and  317. 

Dauiell,  Voltaic  Gnmbiuationp.  PA/7.  Transact.  1836,  1,  1U7;  abatr. 
Pogg.  42,  2fi2. — Galvanic  DeeonjjjoBi lions.  Phd.  Tmrnact.  1838  and 
9 ;  abstr.  Ann.  Pharm.  3(>,  32. — ElectroIyBis  of  Salts.  IVtil.  Mag,  J. 
22,  461. — Electrolysis  of  Secondary  Gompouuda.  Phil.  Mag.  J.  24, 
463. 

Daniell  &  Miller.  Electrolysis  of  Secondary  Compounda.  Phil  Mag.  J. 
2h,  175. 

J.  Davy.  Iron  with  Tin  ;  Galvanism  \vitliout  Chemical  Action.  N.  EtUnb. 
Phil  J.  17,  42  an.l  46. 

II.  DAvr.  Galvanic  Decompositions.  N.  QdiL  5,  1 ;  also  Gilh.  28,  1  and 
162. — Electricity  in  vacuo.  Phil.  Transact.  1822,  64;  also  Oilb.  72, 
857. — Protection  of  cO})per  by  Iron.  Phil.  Transact.  1825,  328  ; 
also  Schw.  56,  434;  Atut.  Chim.  Phi/s.  33,  311). — C'boinical  and 
Electric  Aclinns.     Ann.  Chim.  Plii/n.  33,  276;  also  N'.  Tr.  1.%  1,  84. 

M.  Davy.  ExiK^riniental  liesearches  on  Voltaic  Electricity.  N.  Ann.  Chim. 
Phifs.  10,  401. 

De  La  Hive.  Galvanic  Decoini^Hiwitiona.  Ann.  Chim.  Phi/s.  28,  190;  35, 
164. — Secondary  Gurrenta.  Blbl.  itnic.  35,  ;)2  ;  also  Ann.  Chim. 
Phi/s.  36,  34;  also /•f(./7.  10,  -125. — Electric  Coiidnctiorh  Ann.  Chim. 
Phi/8.  35,  160;  Bibl.  ini'u'.  40,  11)6;  also  Pogg.  15,  523,— Direction  and 
Force  of  the  Electric  Current.  Ann.  Chim.  Phifs.  37,  325  ;  also 
Pogg.  15,  122. — Ciiemical  Electricity.  Mem.  de  la  Soc.  de  Pht/.*.  de 
Omhfe^  4,  285  ;  abwtr.  Ann.  Chim.  Phi/f<.  30,  2yH  ;  ubstr.  Pi>g;/.  15,  S)8.— 
Development  of  Heat  by  the  Electric  Guirent.  Jiibl.  vttir.  40,  40 ; 
also  Ann.  Chim.  Phi/s.  40,  371  ;  abstr.  P'>gg.  15,  257. — Zinc  and  Sul- 
phuric Acid.  liibl,  unit'.  43,  31H  ;  also  Pogg.  1*),  221. — Electric  Con- 
duction of  Mercury.  Ann.  Chim.  Phifs.  40,  408. —Ciiemical  Electricity. 
Compt.  rend.  183.5,  312. — History  of  tlie  new  Theory  of  Electricity. 
Bibl.  univ.  52,  225  and  404  ;  53,  70,  170  and  315.— Electricity  by 
P'riction  of  Metals.  Jiil/l.  imir.  51),  13  ;  also  Pogg.  37,  506. — Electrio 
Condwctioji  at  different  TemjK.'ratnrcs.  Bibl.  nniv.  N.  ,S.  7,  388; 
also  Ptfgg.  42,  91).— Chemical  Electricity.  Ann.  Chim,  Phi/s.  61, 
[  38;  62,  147:  also  Pngg.  40,  355  and  515. — Galvanic  Oxidation  of 
Platinum.  Pogg.  46,  48'J. — Cialvunic  Ciihling.  Ann.  Chim.  Phi/s.  72, 
398;  also/,  pr.  Chan.  20,  157. — Re;  carches  on  the  Voltaic  Arc.    Phil. 

.       Maff  J.  Zly  421. 
VOL.  1.  X 


306 


ELECTRICITY. 


9d3i| 


DosN^.  Dry  Pile.  Ann.  Chhn.  Phi/s.  42,  71  ;  abstr.  Schw.  58,  81. — Eleo' 
tricity  in  the  lluinan  Budy.     Ann.  ('him,  Phi/s.  57   405. 

EnMAN.  'GM.  7,  4.Si>  and  501  ;  8,  1SI7  and  284;  10,  1  and  32C;  11,  89, 
113  and  100  ;  U,  3H.^  ;  22,  14,  220  and  318  ;  64,  45 ;  Poog.  2.'>,  C57 

Faiuday.  ExiHrimciital  Rfseaiches  in  EJoctricity. — Serips  1 :  Phil.  Tnvig. 
1832,  I,  125.— Serios2:  ib.  1832,  1,  103.— Series  3:  1833,  1,23. — 
Series  4:  1K33,  II,  507.— Series  5 :  1833,  II,  675.— Series  6:  18JM, 

I,  1;  Seriea  7:  1834,  I,  77.— Series  8:  ia'J4,  II,  42.5.-^Seric8  9 : 
1835,  I,  41.— Series  10:  1835,  II,  203.— Series  11:  1838,  I,  1.— • 
SeriL-9  12:  1838,  I,  83.— Series  13:  1838,  I,  12.').- Series  14:  183Rr 

II,  2n5.— Scries  15:  1839,  I,  1.— Series  16:  1840,  I,  61.— Series  17: 
1840,  I,  93.— Series  18:  184.3,  I,  17.  — Series  19:  1»46,  1,  1.— . 
SiM-ios  20:  lis4fi,  I,  21.— Series  21:  18-lfi,  1,  41.— Tliese  reacarcliea 
are  likewise  pnblislieil  in  the  PhUmophicttl  ^fa</a^ine■. 

"  On  Static  Electric  Indiiclinn.     P/iU.  Mn/j.  J.  22,  200. — Comparisoa 

between  the  Oheniical   Action  and  (Jnnttiet  Theories  of  the  VoJ 
Battery.     PhiL  Mtuj.  J.  24,    136. — Diatiiug-netic  Conditions  of 
and  Gases.     Phil  Mng.  J.  31,  401. — On  Gutta  Pcrcha  as  au  Ins 
P/hY.  Mag.  J.  82,  165. 

Fecuner.  .SW/h'.  53,  61,  129  and  429 ;  55,  223  and  442;  57,  1 ;  60,  17; 
63,  249 ;  Pogg.  41,  225  ;    42,  481 ;  43,  432  ;  44,  37  ;  48,  1  and  225. 

N.  VV.  Fischer.     Metallic  Reduction.     Gilb.  T2,  289  ;  Pogq.  4,  291. 

G-iiiN  &  lIisiNOER.  Decoinpositiun  of  Water  by  the  Electric  Spark, 
Gill/.  27,311. 

L.  GsTELix.     Electro-chemical  Theory.     Pogg.  44^  1. 

GuoTTiifss.  Electro-cheinifitry.  Gilh.  61,  60.  Decomposition  of  Wator. 
Ann.  Chim.  Phi/s.  58,  54;  also  in  his  Phiftnco-rhrrnical  Reseaixhtu,  126, 
Galvanic  Decomposition  through  a  Glass  Piute.  *SVAm'.  2H,  31 
Electricity  developed  in  the  Freezing  of  Waiter.  Ann.  Chim,  /*Ay«. 
27,  HI. 

GnovK.  New  Battery  with  Nitric  Acid.  Phil.  Mag.  J.  13,  430;  14,  127 1 
15,  287  ;  also  P<>gg.  48,  30.— Conducting  Power  of  Water.  Pogg.  4/V 
305. — .\malgtin)rtted  Zinc,  Phil.  Mug.  J.  15,  81 ;  also  J.  pr.  Chem, 
18,  114. — Vrdtaic  Process  of  Etching  a  Daguerrotyi>e  Plate.  Pkiti 
Mag.  J.  20,  18.— Ex{)eriment8  on  Voltaic  Ueactioi^  23,  443. — Ga« 
Voltaic  Battery,  21,  417;  24,  268,  346  and  412.— On  Grottltus^ 
Theory  of  Molecular  Deconiptwition  mu\  ReconifKisition,  27,  848.— 
Application  of  Voltaic  Elcrtricity  to  the  Fiiyhting  of  .Mines,  27,  34'*.— 
On  certain  Phenomena  of  Voltaic  Ignition,  and  on  the  Decoin|x>«itiLia 
of  Water  bv  Il.itt,  30,  20,  and  91. 

Haxkkl.  Crystal-electricity.  Fogg.  49,  493  ;  50,  237,  471  and  GOS ;  59, 
629. 

IIark.  Caloriniotor  and  Dcflagrator.  Ann.  PhU.  H,  176;  also  .SciAm.  26| 
313.— ^In/)  Phil.  17,  JJ29;  2,  328;  4,  119. 

IlAinr.  Electricity  I'y  Pressin-e  and  Friction.  Ann.  Chim.  /'Ayj.  5,  95^ 
8,  383:  also  Schtc.  20,  388;  25.  135. — /.  /'/»/*.  HU,  455. 

IIehkkl.  Thertno-electricity  of  Metals  and  Metullic  Minerals.  J^ffg,  GS^ 
197, — Strength  of  the  Electric  Curpt-nl  l)t'tween  Metals.  Pogg.  W,  479* 

IIrxkjci.  (Iiilvaniwn.  Pogg.  47,  431;  48,  872;  52,  387;  58,  277;  M* 
61  and  232. — Inllnence  t»f  TeniiX'rature  on  the  Conducting  Power  of 
Liquifis  for  Galvanic  Currents.  /V/jr.  66,  174. — Theory  and  Applies* 
tion  of  V:icHrtricJty.     Phii  Mug.  J.  '21,  164. 

JaCOBI.     Bec^uea'l'B  Circuit.     Pogg.  40,  67.— Chamber  Battery,  48,  Sifly 


ELECTRICITY. 


307 


— Galvanometer,  48,  26.  —  Oalvauic  Circuits,  50,  510. —  Grove's 
Battery,  53,  336. — Oalvauic  Jtciluctinn  of  Brass,  02,  230— Galvanic 
and  Electro- mapnetie  Experiments,  (18,  Hjl,  181,  188  and  207- 

Joi'LK.  Electrie  ()ri{j^iu  <if  t!io  Ilwit  of  CunjbuslioD.  Phil.  Marj.  J.  20,  98; 
22,  201.— Kleetr«!yw«,  24,  106. 

Knocttekthaver.     Exjierimeiits  on  Combined  Electricity.     Pugg,  58,  31. 

KoiiLKR.     Tlienno-EiL'ctrieity.     Pmj'J.  17,  14r.. 

KoLiiE.  Eleetnjlysis  of  Valfrianic  Acid.     Phil,  Mag.  J.  31,  348. 

LiiJiiz.  Peltier's  Experinient.  Poyg.  44,  :342.  —  Condnction  45,  105. — 
Dcv(.ilo])iiient  of  llfat  by  Galvanic  Action.     Pogg.  61,  18. 

Lenz  &  ScuwEi.GER.  Giilvanic  Polarizatiun,  and  Elect romt it ive  Power  of 
llydro-circnits.     Ptn/q.  G7,  41)7;  also  N.  Ann.  Chim.  Pltgif.  20,  183. 

Maisiamjji.  BiOl.  «h/(v"42,  87  (also  Schw,  58,  421));  47,  2i)^,—Ajin. 
Chii/i,  Phgs.  33,  113  (also  Pogg.  8,  105;  also  &-A«7.  49,  22,  204  and 
452) ;  38,  5,  and  337 ;  42,  531  (alao  Schw.  61,  177)  ^  45,  28  and  113  ; 
51,  130. 

MiRTENa.  Chenjical  Action  of  Galvanic  Currenta.  Pogg.  58,  234. — 
Passivity  of  Iron,  61,  121. 

Mattel  cci.  Schw.  57,  67;  50,  369.— i4nn.  Chim.  Phis.  43,  256  (also 
Hchw.  (K),  305);  58,  75;  66,  225;  71,  90;  74,  99  aiid  105.— Eleelro- 
Physiulogy.  Phil.  Mag.  J.  26,  175. — New  Ex[(erin)ent  on  Static 
Electric  Induction,  26,  320. — Auiinal  Electricity,  20,  534. — Devc- 
lopiuent  of  Electricity  by  Clieniical  Action,  N.  Ann.  Chim.  Phys,  16, 
257.— Electrical  FiHlies,  21,  160. 

MoHR.     Galvanism.     Pugg.  39,  129  ;  42,  76;  51,  372  and  376. 

MiTLLiNS.     Galvanic  Apparatus.     P/fi?  .l/a^.  J.  9,  283;  10,  281 ;  15,37. 

Ml'NKK.  Electricity  of  Vuiwuir  of  Water  at  Low  Tera])eralurc8.  Pogg, 
67,  376. 

MoKK  AF  liosENsCHoLD.     Galvanism.     Pogg.  35,  46 ;  43,  193  and  440. 

Naj*ier.  Electrical  Endosniose.  Phil  Mag.  J.  29,  10. — Electrolysis. 
29,  92. 

NOBILI.  Kings.  Pogg.  10,  392  and  405.  BihL  vniv.  36,  3;  37,  177; 
also  Schw.  53,  441  and  450. — Motions  of  Mercury.  Bill,  vniv.  35, 
261;  iilso  Schic.  54,  40. — GalvaniHin.  Bill.  m/jiV.  37,  10 ;  alno  Pogg. 
14,  157. — Nature  of  Electrical  Currents.  Bibl.  umv.  37,  118;  also 
Schw.  53,  264. 

Oemtedt.  EJectro-Magtietiam.  Schw.2^,  275}  also  Gtlb.  66,  291. — Cir- 
cuit of  two  Elements.     Schw.  33,  1C3. 

Ohm.  Laws  of  the  Electric  Current  in  a  Galvanic  Circuit.  Pogg.  6, 
459;  7,45  and  117.  Schw.  58,  393. — Unipiilar  Conductors.  Schw. 
59.  385.— Galvanic  Circuit.  Schw.  03,  1,  158  and  385;  64,  20,  138 
and  257. 

Parkot.  Chemical  Electricity.  Gilb.  61,  88;  Ann.  Chim.  Phys.  42,  45; 
46,  361. 

Peclet.     Contact-electricity.     A»n.  Chim,  Phi/n.  77,  233. 

Peltieu.  Heat  and  Cold  developed  by  the  Electric  Cun-ent.  Ann  Chim. 
Phi/s.  56,  371  ;  also  Pogg.  43,  324. — Statical  and  Dynamical  Elec- 
tricity.    Ann.  Chim.  Ph>fs.  67,  422. 

Pfaff,  Galvaniem.  N.  Gehl.  5,  82  ;  Schw.  48, 190;  5.3,  77  and  395  ;  55, 
258;  04,  1.  Pong.  40,  443;  44,  542;  49,  461;  51,  110  and  210; 
53,  20,  203  and  313. 

PoGGEKDORFF.  Galvauism.  Pogg.  49,  31 ;  50,  255  and  264 ;  62,  497  { 
53,  343,  arid  436. — ilydro-electrio  Currents  uf  the  higher  Orders. 
Pogg.  61,  408. — Conduction  of  Galvanic  Currenta  by  Lic^uvd*.     P"a*i« 


SOS 


ELECTBICITT. 


64,  54. — Electrothermal  Decomposition,  and  two  new  Eadiometrical 

Methods.     Pogg.  71,  226. 
Pour..     Gnlvani«m.     Poffy.  14,  71 ;  16,  101 ;  46,  595 ;  50,  497. 
I'oRRKT.     Galvanic  DccoriifKisition.     Ann  Phil.  8,  74;  also  Gilb.  66,  272. 
PouiLurr.     Klectricity    by   Evaporation.     Dull.    Philomath,    1825,   1(K), 

Ann.  Chim.  Phifs.  36,4;    alBO  Potjff.   11,  442. — Electricity  by  Com* 

bastion.     Ann.  Chim.  Phys.  35,  401;    also  Pogg.  11,  417. — La 

Force  of  the  Current  in  the  Voltaic  Pile.     Compt.  rend.  4,  267 ; 

Pngg.    42,    2«1. — Thermo-electricity.      Compt.    rend.   4,   785; 

Pu,jq.  42,  297. 
RiEss-    EUtitrical   Properties  of  Burning'  Bodies.    Pogg.  61,  545. — '. 

trical  Conditiou  of  certain  Bodies,  04,  49, 
P.  Ukiss  &  CJ.  Rose.     Pyro-electricity  of  Minerals.     Pngg.  59,  353. 
H.  Rose.     Metallic  Reduction.     In  Grotthusa'  Phgsico- Chemical  '" 

139. 
ScHAFJiJicTL,     Electricity  hy  Evaporation.     Phil.  Mag.  J.  18,  95. 
ScuoxBEUf.     Passive  Condition  of  Iron,  Tin,  and  Bismuth.     Phil.  ifag.  J. 

9,  73;  Pogg.  37,  392;  38,  404  sujd  492;  39,  137,  345  and  352;  40, 

193;  41,  41;  43,   1  and  17;    51,  390.— Nobili's  Rings,  40,   621. — 

Peroxide  of  Lead,  43,  89. — Chemical  Tendencies,  43,  229. — Ag»lnst 

the  Theory  of  Contact,  44,  59. — Secondaty  Currents,  46,  109;  47, 

101. — Nitric  Acid  and  Alcohol,  47,  5(33. — Electrical  Odour,  50,  616u — 

Theory  of  the  Gas  Voltaic  Battery.     Phil  Mag.  J.  22,  105.     Ozone, 

27,  197. 
Seebeck.     Thermo-electricity.      GiU>.  63,  115  and  430.    Pogg.  61,  133 

and  253. 
ScinvEiGGER.     Electricity  by  Evaporation.    Schw.  44,   172,  61,  77. — 

Galvanism,  52,  33. 
Simon.    Galvanic  Decomposition  of  Salts.    N.  Tr.  22,  1,  1. 
Singer.    Elements  of  Klectria'tif  and  EUctro-Chemittrg.     Translated  into 

German  by  Muller.     Bre«l.  1819. 
Shee.     Galvanism  and  Electro-type.     Phil.  Mag.  J,  16,  315,  422  and 

530;  25,434. 
VoLTA.     Electricity  by  Evaporation.     Gilb.  5,  39. — Voltaic  Pile,  6,  840 

and  468.— Fundaineiital  Experiment,  9,   239,  25,  379  and  389 ;  10, 

889  and  409.— Galvanism,  10,  421;  12,  497;  13,  257;  19,  491 ;  21 

133;  51,  34L 
Wach.     Metallic  Arlioresconce.     ,Schu'.  58,  20. 
Walckeb.     Galvanism.     Pof;g.  4,  301  and  443;  47,  123. 
WARTJfANN.    Connection  of  Light,  Ileat,  and  Electricity.    PhZ.  Maa  J. 

23,  254.  ^ 

Wetzuvr.     JNretulIic  Reductions.     Schw,  49,   470;  50,  88  and   129;  56, 

206. — Iron  and  Lead.     Schw.  54,  333.— One  Metal  and  one  Liquid. 

f>ihw.  58,  302. 
WiiEATyroNK.     Description  of  various  now  Instnimonts  and  Pnxx'sacs  for 

di'termining  the  Constants  of  a  Voltaic  Battery.  Phil,  T^ant,  1843> 

II,  303;  al«o  Poqg.  62,  499. 
William*.     KIrrtrii'ity  by  Evaporation,     Phil,  Mag,  J.  18.  93. 
WoLLAimiN.     ('hemi<:ul  Electricity.     Phil.   Tntw.  1801,  427;   hho  Ann, 

Chim.  Phi/».  16,  45. 
Yklis.     Thi!nuo-electricity.      Gilb,  73,  001  and  il5.^N€U«  (\{ai(timm 

nttiitcht  Versuche.     MUnchcu,  1823.  *  .' 

Zauboki.     Dry  Piles.     Gilb.  CO,  151.— Pile  with   two  Eleracnta.     COk 

GO,  162. 


ELECTRICITY. 


309 


The  tenn  Electincihj  m  applied,  according  to  the  duaUstic  theory  of 
Dtifay  and  Symmer,  to  two  imjioiHli-rablo  ItuidB,  very  similar  in  their 
projxTtiea,  but  diametrically  op|Ki.scd  iu  tlu'ir  mutuiil  relations  ; — or, 
accordiog  to  the  theory  of  Franklin,  to  a  single  iiiipuiideruble  Hiud,  tho 
relative  excess  or  deficiency  of  which  is  supptiacd  to  produce  tlic  piiuuo- 
rneua  of  Positive  and  Neijative  Elcctriciti/*. 

Properties. 

1.  The  two  Electricities  are  impniiderablo. 

2.  Thoy  diffuse  theiuselveB  uniformly  and  with  the  greatest  rapidity 
through  those  spaces  which  they  arc  able  to  penetrate. 

*  Tho  daalistk  theory  ia  not  only  belter  Dtlapted  to  the  chomical  view  of  *jlci'trical 
phenomena,  but  likeiriiio affords  a  much  more  galiHfac'loTy  explsumtioa  of  the  didtiibution 
of  dec  trie  Uy.  For  how  i8  it  possible,  on  tlic  Praukliniun  LiytiotlicuiH,  («  form  a  clear 
conception  of  the  manner  in  which  &  body  deficient  in  electricity,  and  placed  in  tho 
neighbourhood  of  another  contiiining  cleetrictly  in  excess,  exhibits  a  still  greater  defi- 
ciency on  the  aide  nearest  to  tho  latter,  and  an  excess  on  the  opposite  side  {a)1  The 
approximation  of  a  hot  and  a  cold  body  docs  not  appear  to  be  accompanied  by  any 
phenomena  resembling  the  distribution  of  electricity.  The  experiment  of  Moll  (p.  316) 
is  also  favourable  to  the  diialistic  theory. 

H  (a).  The  Frankliui&n  theor)'  ia  perfectly  eompetent  to  the  explanation  of  tkia  and 
every  other  phenomenon  of  statical  electricity.  The  fundamental  principles  of  that  theory 
may  be  atated  aa  follovB :  I.  The  particles  of  the  electric  fluid  repvl  each  ottter  and 
attract  those  of  ponderable  matter.  11.  The  particles  of  ponderable  matter  repel  each 
other,  and  attract  tboae  of  the  elccttic  fluid.  111.  In  the  ordinary  state  of  a  body,  the 
quantity  of  electric  Quid  contained  in  it  ia  such,  that  the  atiraictivc  force  exerted  by  the 
ponderable  matter  of  the  body  on  a  particle  of  electric  fluid  situated  without,  ia  exactly 
balanced  by  the  repulsive  force  exerted  by  the  electric  fluid  of  the  body  on  the  same  par- 
ticle. IV.  A  body  containing  more  than  this  n«/Mra/ quant ily  of  electric  fluid  is  saiil 
to  be  pngiiv<rhj  electrified,  and  a  body  containing  le»s  than  it»  natural  quantity  h  said 
to  bo  neifativrly  electrified. — Now  suppose  a  body  A,  negatively  ek-etrified,  to  be  brought 
into  the  neighbourhood  of  a  body  B,  ]>ositively  electrified.  The  excess  of  electric  fluid 
in  B  repels  the  fluid  still  remaining  in  A  tovrariLi  the  end  farthest  from  B,  tbiis  leaving 
the  nearer  end  of  .\  more  negative  than  before, — and  at  the  same  time  the  redundant 
ponderable  matter  ia  A  attracts  the  electric  fluid  in  U  towartU  itself,  thus  rendering  tho 
nearer  end  of  B,  more  positive,  and  the  furtlier  end  letw  positive  than  before.  A  similar 
explanation  will  apply  to  ovcrj'  case  of  statical  induction.  Indeed  it  is  only  neecasary  to 
stale  the  two  tiuoTM  in  precise  terms,  in  order  to  see  that  any  phenomenon  of  Ptatical 
electricity  which  is  explicable  by  the  one,  must  of  necessity  be  exidicable  by  the  other 
al*©, — tho  redundant  matter  of  the  one  theory  producing,  in  fact,  the  same  effects  as  tho 
negative  electric  fluid  of  the  other.  The  diflerencc  butnecn  the  two  theories  is  that  the 
one  foppoaaa  a  single  and  the  other  a  double  transfer  of  electric  fluid  to  take  place,  ia 
all  caaea  of  charge  and  discbari^o  :  but  ihU  makes  no  difference  in  tho  ultimate  distriba- 
tioa  of  the  positive  and  negative  charge,  which  ia  all  that  we  are  concerned  with  in  phe- 
nomena like  that  just  notii^ed.  Tlic  author's  remarkK  in  the  preceding  note  seem  to  l»e 
based  upon  the  notion  that  a  body  negatively  electrified  ia  supposcil,  according  to  tho 
Fnnkliiiiaa  theory,  to  be  absolutely  deprived  of  electric  fluid.  Such  however  is  not  tlie 
caaa,  any  more  than  wc  suppose  a  cold  body  to  l>e  absolutely  deprived  of  heat.  As  to 
the  experiment  of  Moll  allndcd  to  in  the  same  place,  I  will  only  obuerve  th.it  the  per- 
fonit^ou  of  a  card  or  a  piece  of  tinfoil  by  the  clei'tric  discharge,  by  no  means  obligt-s  us  to 
suppose  that  the  electric  fluid  or  fluids  are  carried  bodily  through  the  perforations. —  In 
making  these  remarks,  I  would  not  be  understood  to  ailvocatc  the  theory  of  a  single 
electric  fluid  in  preference  to  the  other, — or  indeed  the  existenro  of  an  electric  fluid  at 
all ;  my  object  is  merely  to  point  out  the  perfect  fimilarity  of  explanattou,  aflbtdcd  by 
the  two  theories,  of  all  the  f>hcnomcna  of  statical  elcctricitv.  [For  a  full  development 
of  the  theory  of  Franklin  (or  rather  of  .^pinua)  I  must  refer  to  Rof/Uon's  Mtchmucal 
rhU'>ti)fth!/,  Bri^wnti^'*  Edit  on,  vol.  IV.;  also  to  the  admirable  treatiso  of  Dr.  Hogct  ia 
the  Library  of  Usrful  Kn'nclnlffe,  Natural  Philotophy,  vol.  11.  The  latter  woric 
pp.  CO  ...61,  contains  a  concise  and  able  comparison  of  tho  two  tbcoric!!.]  *II 
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To  the  cla«R  of  giwd  Conductors  of  FJecirkitti  bclonpf  the  metals,  cer- 
tain metallic  snlphidps,  both  natural  and  artificial,  scale  oxide  of  iroiif 
peroxide  of  manganese,  peroxide  of  lead,  prapliite,  and  charty^al. 

Electricity  travels  along'  a  copper  wire  faster  than  lit;dit  moves  in  the 
celestiul  H]>ficeB,  and  with  the  same  velocity  from  the  positive  to  the  neg^a- 
tivc  end  as  in  tfu;  ctuitrary  dirt-etion.  If  a  copfier  wire  of  the  length  of 
half  an  English  nrilp  ho  cnt  through  in  the  middle,  and  its  extreme  enda 
brought  near  to  the  iiiner  and  outer  ctmtings  of  a  Leyden  jar,  the  spark  wiH 
apjM>ar  at  the  two  CDatinga  at  the  same  instant,  but  somewhat  later  in 
the  middle.  (Wheatstono,  Phil  Tr.  1835,  ii.  583;  also  P^^w  S^*?  464.)  The 
conducting  power  of  metals  diminislH's  art  their  temptTature  riscH.  (Dc  la 
Rive.)  Sohd  mercury  cdiiducts  electricity  better  than  the  same  metal  in 
the  liquid  state.     (De  la  Rive.) 

Conducting  Power  of  Md-als. 

hint. 

,           I          ~  — -      ^      H.  Davy.      Becqnercl.     Christiik 

at  0"  at  10°  at  20'' 

atlTisr 130-25  94-45  6872  109  V3-6               100 

Copper 100-00  73-00  54-82  100  100                   Ofl 

Gold 79-79  65-20  .'>4-49  73  93-6                 TS 

Tia   80-84  2044  1478  —  155                17 

BroM 29S3  24-78  21-45 

Iron 17-74  1087  700  146  158                15 

Lead 14-62          9-61  676  6*9  8-3  8 

Plalinam 14-16  1093  902  18  1«'4                1« 

Zinc _             _  _  —  28-6  W 

Jf  erenry —             —  —  —  S-4 

Polaasium    —            —  —  —  1*8 

If  the  conducting  power  of  cop]>er  at  19°  =100,  that  of  antimony  = 
8"87,  of  mercury  4*66,  and  of  bisnujth  2'58,  (Lenz.) — According  to 
Pouilh't,  the  conducting  jKiwcrs  of  platinum,  copper,  and  paUaditun  are  M 
2-5  :  IG  ;  30. 

If  it  be  asKunuid  that  metallic  wires  of  equal  thJckneftS  will  be  nM>re 
strongly  heated  by  the  pansage  of  an  electric  euneiit  in  proportion  M 
their  ci»nducting  prnwer  is  Ir'ss,  the  falldwijig  conductinn:  powers  may  be 
deduced  from  the  degrees  of  heat  actually  pruduced :  Copper,  8il\-or,  and, 
alloys  of  1  |>art  copper  with  \,  I  or  3  part.s  silver,  100;— gold,  GC'C — xmc^' 
bra««,  and  uHoy  of  1  part  tin  with  8  parts  copper,  33"3  ; — an  alloy  of  1  pait 
gold  and  I  silver,  30;— an  alloy  of  1  part  gold  with  I  silver  or  \  oo| 
24  ;— an  alloy  of  1  part  tin  and  1  zinc,  22*2 ; — platinimi  and  iron,  20 
alloy  of  3  parts  tin  and  I  zinc,  18-8; — tin,  lf>-6; — an  alloy  of  3 
and  1  lead,  13-3; — an  alloy  of  I  part  tin  and  1  lead,  ll'f ; — an  all 
1  part  tin  and  3  lead,  D"5  ; — lead,  8-3.  (Ilarria,  Phil.  Transact,  1827 ; 
Pogq.  12,  279.) 

IgTuted  copper  wire  condncts  better  than  the  Bame  wire  nnignitedt 
Boft  Bteel  better  than  that  wliich  has  been  hardened.  (Peltier.) — The 
<lucting  power  of  n  wire  of  arij'  given  metal  varies  directly  as  ita 
verse  Kirtinri  and  itiversely  as  the  B^uare  of  its  length.     (Christie,) 

Amr»ng  urcH,  copjHT-niekel  in  the  best  conductor;  then  fidluw  ponli 
co|rtier,  cop|XT  pyrit^^s,   aikd  copper-glance,  all  three   of    which  ooodi 

well;    tlien,— n'gularly   diminishing   in    power, — iron   pyrites,    ai 

m'rites,  galena,  arwenical  cf)halt,  peroxide  of  nianganeae,  tcnnantite' 
foliloro.    (K.  \V.  Fox,  A^  E<Unb.  J.  ofSc.  4,  206.) 

The  fcoblo  thermo-electric  current  of  a  single  pair  of  bismath 


CONDUCTION. 

antimony  is  vory  well  conducted  by  Bulphide  of  bismutli,  galena,  scale 
oiide  of  iron,  [irotusulpliitk"  of  inm,  iron  pyrites,  arsenical  pyrites,  copper- 
glance,  artilieia!  disnlf>liide  of  copper,  and  iinrjilo  cnp|jer ; — moderately  well 
by  (wroxide  of  mang'anose  and  ]>eroxide  of  lead ; — not  sensibly,  wlien  tlio 
surface  of  contact  its  small,  by  blende,  tinstone,  protopulphide  of  tin, 
magnetic  iron  oi*e,  specular  iron,  wolfram,  sub-oxide  of  cop]>er  soliditied 
after  fusion,  fed  oxide  of  mercuiy,  and  cinnabar.  It  is  reiimrkiible  that 
MnO'  and  PbO*  should  conduct  electricity  so  well,  seeing  that  MnO  and 
PbO  do  not  transmit  tke  ciuTCut  even  of  a  powerful  battery.  (Faraday.) 

Imperfect  Conductors  or  Semi-Conductor's. 

a.  Solifls.  Chalk  and  other  minerals,  earthenware  sulphide  of  molyb- 
denum, and  tin  p^- rites. 

MareCiinite  conducts  electricity  well  under  ig"  ;  less  freely  at  a  higher 
temperature,  and  not  at  all  at  S/'S" :  moisture  is  not  t!ic  cause  of  the  dif- 
ference. Similar  projxjrties  are  exhibited  by  common  obsidian,  iolitc,  and 
many  lavas.     (P.  Erman.  Pogg.  2o,  657.) 

Sulphide  of  silver,  both  natural  and  artilicial,  and  likewise  red  silver, 
conduct  the  elet^tricity  of  a  battery  of  20  pairs,  feebly  when  cold,  but 
more  and  more  readily  as  they  iK'Comc  hotter,  and  at  a  certain  tenijiera- 
ture  ahuost  as  well  as  a  metal :  on  cooling,  their  coiidueling  power  again 
decreases.  Fluoride  of  li-ad  soHdifird  and  cooled  after  fusion,  does  not 
conduct  the  cnrriMit ;  but  when  heated  to  redness,  it  conducts  very  well, 
and  fuses  by  the  beat  which  the  current  excites.  (Paraday.) 

k,  LiquifU,  Water  when  pure  is  a  very  bad  conduetnr  «if  electricity, 
but  acquires  considenible  conducthig  jxnver  by  dissolving  a  variety  of 
Bubstances,  even  such  as  do  not  conduct  of  themselves,  e. ;;.,  bromine, 
iotljne,  chlorine,  and  sulphurous  acid ;  it  likewise  converts  solid  insulatffrs 
(such  as  silk)  into  semi-conductors  by  moistening  them.  (i>e  la  Rive.) 
The  COuductiug  power  (and  dcoimposibility)  of  water  are  most  highly 
angraented  by  phosphoric,  sulphuric,  nitric,  and  oxalic  acid,  potash  and 
soda,  carbonate  and  nilmte  of  potash,  c-Jirboiiate  of  soda,  many  other  salts, 
metallic  chlorides  and  iodides;  then  follows  carbonate  of  ammonia;  then 
tartaric  and  citric  acid.  The  following  have  no  intluence  on  the  couductiug 
jiower  of  water :  boracic  and  acetic  acid,  ammonia,  cyanide  of  mercury, 
sugar  and  gimi,     (Faraday.) 

Under  a  pressure  of  30  atmosplieres,  tlie  conducting  power  of  water 
does  niit  diminish ;  that  of  aqueous  nitric  acid  iliminishes  a  little.  (Col- 
ladon  &.  Sturm.) 

Oil  of  vitri<tl  conducts  less  easily  than  dilute  sulphuric  acid ;  the  max- 
imum of  inducting  power  is  |)03sessed  by  a  mixture  contahiing  30  f)er 
cent,  of  aniiydroiiB  sulphuric  acid ;  an  acid  ojntainiiig  2()  per  ceiit,  and 
likewise  one  of  43  jkt  cent,  conduct  li'ss  freely  ;  and  one  containing  01 
]x;r  cent  J  much  less.  (De  la  Ri\'e.) — The  conducting  pjwer  of  watery 
liquids  is  increased  by  beat,  probably  because  their  deconifKisilion  is  thereby 
facilitiitcd.   (De  la  Rivc.) 

The  following  substances,  which  are  non-conductors  in  the  solid  state, 
become  conductors  when  fused:  Iodine  (Inglis).  ice,  hydrate  of  [xjtash,  oxido 
of  antimony,  oxide  of  bismuth,  protoxide  of  lead;  the  iodides  of  potas- 
sium, zinc  and  lead;  protiodide  of  tin,  prot iodide  of  mercury;  the 
chlorides  of  jiotassiimi,  sodiym,  barium,  strontium,  magnesium,  manga- 
nese, lead,  zinc,  and  silver;  terchloride  of  antimony,  protochloridc  of  tin, 
dicldorido  of  copper;    fluoride  of  potassiunij  fluoride  of   lead  (see  the 
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above) ;  cyanide  of  potaBsinm,  siilphocyanide  of  potassimn ;  carlmnatc, 
pbo»|ihatc,  chlorate,  nitrate,  Bilicate,  manganate,  chromate  and  biciinv 
male  of  (KitaHh  ;  carbonate,  twiirate,  phopjihate,  and  nitrate  of  »fn3a ;  nitrate 
of  baryta  and  nitrate  of  strontia ;  acid  pbiispluitc  of  lime  ( PhcK<tphar-(fla$\ 
borate  of  zinc ;'  Iwrate,  jiliftsphate,  sulpbate,  and  nitrate  of  lead  ;  pitoephate 
and  nitrate  of  copper;  subsulphatc  of  niercuiy  and  nitrate  of  silver. 
(Faraday.) 

The  docomjxtsibility  of  liquids  by  the  electric  current  as  oonnectod 
with  their  conducting  power  wfll  be  considered  furtlicr  on. 

c.  Air  rarefied  by  iieat  or  exhaustion  is  a  conductor.  The  more  com- 
pletely the  space  above  the  mercurial  column  is  freed  from  air  and  vapoor 
of  mercury,  the  fainter  is  the  light  produced  by  electricity  passing  tltrongh 
it.  (H.  Davy.)  The  most  perfect  vacuum  obtainable  by  the  air-pump 
docs  not  conduct  nearly  so  well  as  metals  :  when  the  metallic  conductors 
are  placed  ut  a  considerable  distance  from  one  another,  the  electricity  doei 
not  |mKK  thronprh.     (Harrir*,  Pogff.4},  99.) 

The  Torrieoliian  vacuum  does  not  conduct  the  current  of  a  voltaic 
battery.  (Masson,  Imtitut.  Nr.  249.) 

The  cuiToiit  of  a  single  pair  of  zinc  and  copper  plates  in  water  acidn- 
lated  witli  sulphuric  acid  jiasses  slowly — as  may  be  seen  by  the  decompo- 
sition nf  iurlide  of  {lotasniimi  introduced  into  the  circuit — through  the 
flame  of  charcoal  urged  by  the  bellows,  that  of  hydrogen  gas.  coal  ga«, 
alcohol,  and  ether,  even  when  the  metallic  conductors  are  placed  1 }  inch 
n{>art :  it  passes  through  the  eharcoiil  lliime  more  easily,  and  through  that 
of  coal-gas  less  oaHily,  than  through  the  flame  of  alcohol.  But  even  with 
a  battery  of  20  pairn,  the  ruiTcnt  is  very  feeble,  the  tension  of  the  pcdc 
BufTeriiig  no  diniinution,  1>ecausc  the  electricity  is  gJMienited  fastn  thitn  it 
is  carried  ufi".  I'lanie  conducts  [K>8itive  electricity  letter  than  negative 
electricity.  Hence  the  conduction  is  more  comjilete  when  the  negative 
wire  is  wound  into  a  coil,  and  its  surface  thereby  made  larger  than  that 
of  the  positive  wire.  When  the  negative  wire  is  pUu3ed  in  contact  with 
the  charcoal  and  the  |K>Hitive  wire  in  the  flame,  the  current  posses  more 
frtrely  than  when  the  arrangement  is  made  the  contrary  way.  More- 
over, if  into  the  tlume  in  whioli  the  two  (xdar  wires  are  placed,  thciv  bo 
i;itrodnced  a  third  wire  in  contact  with  the  earth,  the  tension  of  tb« 
IKwitive  i>ole  dimiuishefi,  because  the  positive  electricity  is  carried  ofT^ 
while  that  of  the-  negative  pole  increases.  In  the  heated  air  above  the 
liame  of  an  Argand  spirit-lamp,  no  conduction  takes  place  from  one  wire 
to  another;  but  if  the  negative  wire  be  c<jniiected  with  tlie  brass  cylinder 
of  the  lamp  and  the  [K'sitive  wire  wound  into  a  Bj)iral  form  and  intntduocd 
i.ito  the  hot  air  above  the  flame,  c<jnduct ion  will  take  place, — but  not  when 
l';e  wires  are  airanged  in  tlie  contrary  way,  on  account  of  the  fl»<Bfl| 
conduction  of  the  negative  electricity.     (Andrews.) 


Non'Conductorg,  ImuUt(or»  (Faraday's  Dielectric  Botes'). 

a.  Sofi(h,  I>!an)ond,  Ixiron,  phosphorus,  sulphur,  selenium,  iodine, — 
Kuljthide  of  manganese;  zinc-blende,  liisniiilli-ghinci-,  cu^ireous  bismutli, 
cinnabar.  (Pox.^ — lied  lead,  sulphide  of  lead,  black  oxide  of  irf>n,  grrru 
vitriol,  tixiile  of  copjK«r,  cj'unide  of  mercury,  cyanide  of  silver  (gently 
ignitisl?),  charcoal  from  oak-wood  (Walcker), — the  sulwtajiccs  ennme* 
rat»'d  on  page  311  as  l)ecoming  conductorB  when  fused  (Faraday),— 
oil,  dry  virgj'tabh?  fibres,  silk,  wool  and  hair. 

Tlie  foUowing  subtitances  are  nou-conductors  both  in  the  solid  and  in 


tlie  fused  state :  phnspliorns,  Hulphur,  boracic  acid,  grocn  g'lafls,  wtTMlc  of 
8ul{»liiir,  biuioiliUe  of  tin,  realp[Lr,  oqiimcnt,  glacial  acetic  acid,  a  mixture 
of  tallow  And  oleic  acid,  camplior,  naplithaliuc,  iirtificiul  camphor,  talluw, 
cowia-fat,  sj>orraaceti,  common  resiti,  eambnic,  eJicUac,  sugar,  and  caffeine. 
(Faraday.) 

i.  Liijuids.  BeBidcs  those  above  enumerated :  bromine,  clilorine,  and 
BullilniUdiiM  add.     (De  la  Rive.) 

Torcliloridc  of  arsenic  and  its  hydrate,  and  iHchloride  of  tin.  (Fara- 
day.) Olive-oil  conducts  the  electricity  of  a  Zamboni's  pile  less  quickly 
than  other  fat  oils  :  soUd  tallow  docs  not  conduct  bo  well  as  oily  fat;  and 
Boliti  animal  fat  more  slowly  tlian  the  same  when  liquid.  (Rousseau,  v4 /in. 
Chim.  Phifs.  2.'),  373.) 

€.  F.ktiitk  Jluuh,  Air  .-ind  all  other  gases  under  the  ordinary  atmo- 
spheric pressure  and  at  ordinary  temj>erature.H,  are  perfect  insulators.  They 
conduct  Hf)  much  the  more  quickly  as  tlicir  density  is  diminished. 

A  conducting  body  sm'rounded  by  uou-coiiductors  is  said  to  bo 
Initiated. 

^.  Gutta  Percha  haa  been  shown  by  Faraday  to  be  one  of  the  best 
among  non-conducting  bodies,  its  insulating  |)Owt*r  being  fullj'  equal  to 
that  of  HhcUac.  It  may  be  used  in  the  form  of  either  sljcet,  rod^  or  fila- 
TOcnt.  When  formed  into  cylinders  about  half  an  inch  in  diameter,  it 
forms  excellent  insuhiting  pillari* ;  and  in  the  form  of  fine  threads,  it  is 
eiot^edingly  convenient  for  insulating  light  bodies,  such  as  feathers,  pith- 
balls,  &c.  A  sheet  of  it  is  easily  converted  into  an  eiectrophorus,  or  it 
may  be  coated  and  used  as  a  Leyden  jar.  When  rubbed,  it  shows  negn- 
tive  electricity. — All  specimens  of  gutta  iwrcha  are  not  equally  good  as 
insulators-  llic  cut  surface  of  a  piece  which  insulatt's  well  has  a  resinous 
lustre  and  a  compact  character,  which  is  very  distinctive ;  wliilst  that 
which  conducts  has  not  tlie  same  degree  of  lustre,  apjiears  less  tninslu- 
cctit,  ami  has  more  the  aspect  of  a  turbid  solution  solidified.  By  heating 
it  in  a  ciurent  of  hot  air,  as  over  tlie  chimney  of  a  low  gas-flume, — and 
then  stretching,  doubling,  and  kneading  it  for  a  time  between  the  fingers, 
as  if  WTth  the  intenticui  of  dissiiKiting  the  moisture  within,  its  insulating 
prjwer  may  be  made  equal  to  that  of  the  best  epeciiiiens.  {PhiL  Mug.  J. 
32,  165.)  '  If. 

For  methods  of  determining  the  conducting  power  of  bodies  for  elec- 
tricity of  small  tension,  vkl.  WoUaston  {Phil.  Tram.  1823,  20);  Rousseau 
{Ann.  Chim.  Phifs.  25,  373). 

The  difference  between  conductors  and  insulators  is  one  of  degree 
only.  Electricity  of  high  tension  like  that  develojied  by  the  electrical 
macfiinc — and  in  a  less  degree,  that  of  a  voitaic  battery  of  liiO  pairs  of 
plates — is  conducted  even  by  ice,  and  still  better  by  iodide  of  potassium. 
The  comnmnication  of  one  kind  of  electricity,  eitlicr  to  conductors  or  non- 
conduclurs,  first  produces  a  polarization  of  their  particles,  a  peculiar 
electric  distribution, — so  that  the  particle  situated  next  to  the  one  at 
which  the  electricity  enters,  takes  up  the  opposite  kind  of  electricity,  the 
next  particle  the  electricity  opposite  to  that,  and  so  on  throughout  the 
whole  mass.  This  produces  a  discharge  of  electricity  between  the  neigh- 
bouriivg  |«articl(  8  ;  the  sooner  this  takes  place,  and  the  smaller  the  elec- 
trical tension  required  to  prodmce  it,  the  better  does  tlie  body  conduct;  the 
more  sl<  >wly  the  discharge  takes  place  and  the  higher  the  tension  required 
to  produce  it,    the  better  does  the  body  insulate.     Conductors  cajuiot 
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remain  permanently  polarized ;  insulators,  on  the  other  baud,  retain  their 
polarized  condition  firmly.    (Faraday.) 

3.  The  two  electricities  exist  in  bodies  in  tho  state  oither  of  reel  or 
of  motbu. 

a.  At  rest.     Peltier's  Statical  Electricity. 

a.  Either  positive  or  negative  electricity  may  be  accumulated  in  ir 
latcd  conductors  in  various  *|uai>titie6.     The  greater  this  quantity  in  j 
portion   to    the  surface  of  the  conductor  (it  is  immaterial  whether 
conductor  be  hollow  or  solid)  the  gn-ater  is  the  electrical  Intmsity  or  Ti 
of  the  conductor,  and  tho  stiunj^-er  the  effort  which  the  electricity  maki 
to  leave  the  couductor  and  unite  with  the  o|iixi8ite  electricity  in  it*?  neigh 
bourhood  ;  and  this  gix'ati.'r  teusion  prohahly  gives  rise  to  more  rapid 
motion  when  tlie  electricity  is  cfindueted  wway. 

)3.  In  an  InmUitor,  the  two  kinds  of  electricity  are  always  present  at 
the  same  time,  because  thi?  accumulation  of  •'ine  electricity  at  a  particular 
point  of  such  a  body  alwaj's  caust's  by  pnlarisation  the  appearance  of  th* 
other  electricity  at  tlie  opposite  point ;  and  the  tension  of  the  two  electri- 
cities is  higher,  the  greater  their  tjuantity  in  proportion  to  the  surface; — 
they  also  adliere  to  the  insulator  very  stronglv,  so  that  they  can  only  K* 
gradually  removed  by  conductors,  unless  the  latter  touch  tho  •wdjole 
surface  of  the  insuliitor. 

ft.  In  motion.  Peltier's  Dynamical  Eltctricittf,  The  two  electricitleB 
issuing  frcjm  two  aourcoa  or  two  conductors  charged  with  them  meet  in  a 
conductor  and  combine  together,  and  tltus  pro<luce  an  EUctricai  CurraU. 


CHEariCAL  RELATIONS. 
I.    Relations  of  the  two  ELECTnicrriEs  to  one  akotheb. 

The  two  electricities  have  a  very  great  affinity  for  each  other,  and 
exert  a  powerful  tendency  to  combine  together.  From  tht^ir  combiruitioil 
results  LatetU  *tr  Qiticivcnt  Electricity,  which,  according  to  the  electro> 
chemical  theory,  is  nothing  else  than  light  and  heat. 

By  various  causes,  the  latent  electricity  in  bodies  is  resolved  into  posi- 
tive  and  negative  electricity,  which  are  set  free  at  various  (Hjints. 

1.  Cambiitution  of  the  tvco  Electricities  icith  each  other. 

^Mien  a  body  in  which  positive  electricity  is  accumulated  is  brought 
near  another  charged  with  negative  electricity,  the  two  electricities  c»ra- 
bine  together;  and  if  they  are  present  in  equal  quantities,  both  bodies 
appear  jwrfectly  neutral  after  the  combination  has  taken  place  The 
combination  is  attended  with  development  of  Ught,  heat,  and  nianictic 
phenomena.  Insulators  wliicli  oppose  the  combination  arc  often  violcnti/ 
torn  UMunder. 

The  lendi-ncv  of  the  two  electricities  to  unite  shows  itself,  when  tlie 
two  biidies  in  which  they  exist  are  moveable,  in  an  approximation  of  the 
bodies  thenus<rlves : — B<tdiea  oppotitely  eiectrifird  attract  each  other. 

U  tho  two  bodies  aro  separated  by  a  thin  fUm  of  a  non-conductor,  tbe 
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two  electricities  break  througli  it — provided  tliey  have  sufficient  teneion 
— and  a  spark  is  prodnced  acconipanicd  by  a  iinise.  (Electric  Discharge.) 
The  duration  of  an  electric  spai-k  is,  according  t«  Wheatstone,  only 
^  ^  ^ij  ^  ^  second.  If  the  non-conductor  bo  solid,  like  glass,  it  is  pierced ;  tiie 
Btiuie  eff^'Ct  takes  place  even  wilti  scmi-condnctorH  and  g-ood  condnctors — 
as  witli  a  card  or  tinfoil — when  tbcy  are  siuTouudcd  witli  air  and  placed 
in  a  tiiin  film  between  tlie  two  oppositely  eiectrilioti  conductors.  Wlieri  a 
card  ifi  pierced  in  tliie  way,  the  edges  of  tlie  hole  are  often  raised  in  tbo 
directrrin  of  b<itli  conduclnrs,  positive  as  well  as  negative.  Tinfoil,  ac- 
cording to  Moll  (,/.  Pf)if.t.  go,  3f)r)),  often  exhihils  two  holes  witti  their 
e<lgcs  turned  iu  op]X)site  diroctious,  as  if  tlic  ptisitive  electricity  had  gouo 
through  the  one  and  the  negativu  through  the  other. 

Tlie  light  of  the  spark  is  variously  coloured,  partly  according  to  the 
density  of  the  elastic  medium,  jKirtly  according  to  its  ])ecuUar  nature, 
(fl.  Davy,  Ann.  Chim.  Phifs.  20,  1G8  :  Grotthues,  Hcfiw.  11,  103; 
Faraday.) 

When  the  combination  of  the  two  electricities  takes  pUiCO  through  a 
conductor  brought  in  contact  with  both  the  electrified  bodies,  and  the 
quantity  of  the  combining  eltctririt  i<;ft  is  ei  msiderable,  the  eonduetor  Lic'conies 
heattHl  to  thf  iimst  vivid  incandi'seencc,  and  fuses.  Flatiuum  and  iron 
wire  fuse  in  the  circuit  of  a  powerful  voltaic  battery ;  if  the  wire  be  inj- 
nierscd  in  water,  the  water  bf)ils.  A  given  ijuantity  of  common  electri- 
city heats  a  wire  to  the  same  degree,  whatever  may  Ih>  its  intensity, 
(llatris.) — Curreute  from  difl'crent  voltaic  batteries  whieh  produce  equal 
detiectiiuia  of  the  magnetic  needle,  raihe  the  tem]xM-n.ture  of  the  conduct- 
ing wire  in  the  same  degi'ce  :  if  a  wire  O'l  metre  in  length  produces  a 
deviation  of  20",  and  beeomes  heated  \(f,  a  wire  several  metrcB  lojig 
will  also  have  its  temperature  raised  10",  when,  by  a  projiortiouate  increase 
in  the  power  of  the  battery,  its  deviating  power  has  hfnin  made  equal  to 
20°.  With  the  same  wire,  an  augmentation  in  the  power  of  tlie  luittery  * 
raises  the  tcmperdture  iji  a  higher  |jroportion  than  it  increases  the  de- 
flecting power;  wh(*ti  tlu!  deflecting  jwwer  is  doubled,  the  degree  of 
heating  is  trebled.  With  wires  of  diff(»rent  tiiickiMwaes,  the  heating  ]mwcr 
increases  more  rapidly  than  the  transverse  section  diminishes ;  when  the 
latter  is  reduced  one-half,  the  former  is  increased  three-fold.  (Peltier.) 
If  the  connecting  wire  of  the  voltaic  bntteiy  consists nf  three  pieces  of  pla- 
tuium  and  three  jiieces  of  silver  snhiered  together  alternately^  the  platuium 
alone  becotnes  red-hot.  If  a  platinum  arul  a  silver  wire  are  eonnected 
together,  the  platinunt  becomes  red-lmt  before  the  silver:  so  likewise  pia- 
tuiuni  witli  zinc  or  gold.  When  platinum  is  joined  whh  tin  or  h<ad,  the 
latter  metals  fuse  at  the  Junctiftn  before  the  ]i!atinum  becomes  heated  to 
redness,  but  even  in  this  ease  the  greatest  rise  of  temperature  takes  place 
in  the  platinum.  When  platinum  and  iron  are  united,  the  platinum  be- 
comes tiret  incandeseent,  then  tlie  iron  more  strongly  than  the  platiniuu. 
When  iron  is  united  with  gold  or  ziru%  the  iron  becomes  ijicandesceut. 
Zinc  is  more  strongly  heated  than  sitver,  c<>pper  more  strDugly  tlian  gold. 
Thc  more  slowly  metals  conduct,  the  more  intensely  do  thej'  Ic-come 
heated  :  and  according  (it  these  ex[>erimeuts,  they  sueceed  one  ai^other  in 
the  bdhnving  order,  beginning  with  the  best  coiuluctors  :  Silver,  zinc, 
gold,  copfter,  iron,  platinum.  At  high  temj)cratm*es,  u-on  seems  to  con- 
duct less  easily  than  ]»la(inum  ;  for  after  the  action  has  continued  a  certain 
time,  the  iron  becomes  the  more  incandescent  of  the  two.  (Children,  PhiL 
Tr.  1815,  3(i3;  also  A'cAie.  IG,  359.)  If  a  concentrated  solution  of  chlo- 
ride of  calciiun  bo  connected  with  the  positive  jhjIc  of  a  strong  voltaic 
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battery  by  a  tblck  wire,  and  witli  the  ticgativc  pole  by  a  tliin  wire  of 
platiiiTim,  file  latter  becomes  incandescent,  fuses,  and  falls  into  the  Bolu- 
tion  iij  drops  wliich  follow  one  another  vei-y  quickly  ;  but  if  the  thin 
wire  conveys  the  [TOsitivc  electricity,  it  ij^iiten  but  does  not  fuse,  (Hare.) 
— A  metal  Ix'ConieB  the  more  strongly  heated,  the  more  slowly  it  con- 
duetH  and  the  less  eaj>aeity  it  has  for  beat.     (KiesK,  Pogg.  44,  78.) 

If  a  zmc  wire  be  soldered  to  an  iron  or  copjxr  wire,  the  point  of  junc- 
tion becomes  more  strongly  heated  when  the  zinc  is  connectt^d  with  the 
negative  than  when  it  ib  connected  with  the  jiKifiitive  pole.  If  the  oran- 
|x>und  wire  consists  of  copper  and  bismuth,  the  junction  becomes  heated 
when  the  copper  is  connected  with  the  positive,  but  cooled  when  that 
metal  is  in  cimnection  with  the  negative  pole.  The  opposite  relation  is 
exhibited  when  copjxr  is  united  with  antimony,  the  cooling  taking  place 
when  the  cojjper  touches  the  jxisitive  polo.  Antimony  and  bismuth  give 
the  strongest  variations  of  temfH'rature,  exhibiting  a  rise  of  temperature  at 
the  junction  when  the  jJOKilive  electricity  proceeds  from  the  antimony,  and 
a  fall  in  the  contmrj'  c:»He. 

[Many  metals,  especially  antimony,  apjx^ar  to  conduct  positive  better 
than  negative  electricity ;  others,  particularly  bismuth,  seem  to  be  mora 
capalile  of  conducting  negiitive  electricity  than  positive.  When  antimony 
is  counecte<l  with  the  fwsitive,  and  bismuth  with  the  negative  pole,  the 
former  conducts  (Kisitivc!  and  the  latter  negative  electricity  to  the  junction, 
which  becomes  heated  from  the  combination  of  the  two  electricities;  but 
when  the  anlimony  is  connected  with  the  negative  pole,  the  heat  of  the 
junctifin  is  resohed  into  [jositivc  electricity,  which  passes  on  to  the  negn- 
live  imle  through  the  antimony  which  conducts  it  most  freely, — and 
negative  electricity  which  passes  on,  through  the  bismuth  which  gives  it 
the  readiest  passage,  to  the  positive  pxile.  The  combination  of  the  two 
electricities  and  the  consequent  deveiopment  of  heat  take  place  where  the 
antimony  t^'mches  the  negative,  and  the  bismuth  the  positive  pole';  but 
the  junctiiin  is  *>i<tled  by  the  decom|»osition  of  a  pijrtion  of  its  heat'.J 

The  cfiolirig  of  the  Junction  amounts  to  3^  H  ;  water  placed  in  a  hole 
made  at  that  point  becoms  frozen  in  five  minntea;  if  the  rod  has  becnprti- 
viously  ciMtJed  do\vn  to  (/.  \V"hen  the  experiment  is  continued  for  a 
longer  time,  the  tem|»erature  of  the  junctioii  again  rises,  because  the 
bismuth  iHjcomes  gradually  heated  (much  sooner  tlian  the  antimony,)  and 
cf>nimunicates  its  temjicTature  to  tlie  junction.  (Lenz,) 

If  the  cop{xT  wires  connecting  the  |m>U;h  of  a  Danicll's  battery  of  IGO 
jmirs  be  gradually  separated  to  the  distauce  of  ^  or  j  inch,  the  electrical 
current  will  pass  from  one  to  the  other  in  the  form  of  a  lumun>u8  arch 
(l)robably  carrying  fine  particles  of  the  conducli.ir  a'on^  with  it).     The 

!H->sitive  wire,  alone  iKxonies  incandescent.  Si  nilar  phenomena  are  vx- 
libited  by  brass,  iron,  and  ]>Iutinum  wiitg.  (Gafsiot,  PhU  Afng.  J.  18, 
436;  v\m  Poipj.  16,  330.)  [This  seems  to  ».how  that  the  negative  elec- 
tricity of  the  luminous  arch  is  conducted  more  n>adily  than  tlje  positive 
tlectricity,  and  that  consequently  the  two  electricities  oootbiuo  together 
in  the  wire.] 

Cliarcoal  placed  between  the  poles  of  the  deflagrator  emits  as  xnoc^ 
light  as  1600  candles,  (Hare.) 

If  the  direction  of  the  conducting  wire  is  from  north  to  south  and  a 

•  All  remnrltB  rni-loiH>'l  vUhin  threc-corncrcd  bracket*  contain  cxplanktionn  accord' 
ing  to  the  ftulhor'«  thr-ury  given  in  Pot/g.  44,  1,  vrhicli,  whether  eti(kbliHlii<i|  wr  not.  may 
•rrvo  M  a  guide  to  conduct  ud  through  the  chaotic  region  of  ibc  tbuurj'  of  dectrid^t 
Lowcrcr  much  it  mnjr  leave  unc)ii>luiuv(l. 
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magnetic  needle  ia  placed  in  its  neighbourhood  and  parallel  to  it,  the 
needle  clianp;'e8  itB  dn-eetion,  even  when  the  elcctridties  wliich  are  com- 
bining in  the  wire  have  but  a  very  feeble  teiiHion,  jufnided  only  tht'ir 
quantity  be  sufficiently  great,  Wlien  the  i>ositive  electricity  enters  at 
the  north  end  of  the  wire  and  the  negative  electricity  at  its  south  end, 
and  the  mag-netic  needle  is  placed  aliovu  the  wire,  the  north  jxile  of  the 
needle  turns  to  the  west;  if  the  needle  is  below  the  wire,  ita  nftrth  pnio 
turns  to  the  east.  If  the  needle  is  placed  on  the  same  level  with  the 
wire  and  on  its  eastern  side,  the  nortli  pole  moves  upwards,  but  the  same 
p<ile  ac^inires  a  downward  motion,  wlieti  the  needle  is  placed  on  the  western 
side  of  the  conductor.  \Vc  may  irna^'ine  that  the  two  electricities  move 
through  the  wire  towards  one  anotlicr  in  spiral  lines)  the  fK>sitive  electri- 
city moving  to  the  right  and  disturbing  the  north  pole  of  the  magnetic 
needle,  the  negative  electricity  turning  to  the  left  and  disturbing  the 
eouth  [Kile.  (Oerstedt.) — One  ptile  of  a  moveable  magnetic  needle  revolves 
constantly  in  one  direction  round  a  wire  convejuig  a  current  of  electricity, 
— and  with  a  different  arrangement,  the  other  pole  revolves  in  the  con- 
trary direction.  (Fara<Iay.)  A  metftllic  wire  twisted  ui  the  form  of  a 
helix  behaves,  while  an  electric  euirent  is  running  through  it,  exactly 
like  a  magnet,  showing  a  north  pole  at  ouc  end  of  the  helix  and  a  south 
pole  at  the  other.  ( Antpere  &  Arago.) 

Theee  effects  are  best  exhibited  by  voltaic  electricity,  on  aca»nnt  of 
its  greater  quantity ;  but  common  electricity  hkcwise  acts  on  the  magnet, 
when  it  is  conveyed  from  the  conductor  to  the  wire,  not  in  sparks,  but  by 
fine  points,  or  damp  threads,  or  rarefied  air.  (Colladon,  Pogff.  8,  33(1; 
Norrenberg,  Zeiisch.  Ph.  Math.  3  ;  Faraday.)  Equal  quantities  of  elec- 
tricity combining  together  in  the  wire  in  the  same  time  produce  equal 
effects  upon  the  magnet,  whatever  may  be  their  tension.  Uencc  tho 
deflection  of  the  needle  shows  the  absolute  quantity  of  electricity  which 
is  passing  through  the  conductor.  (Faraday.) 

The  Electrical  Multiplier  ttv  Gulrmiometey  invented  by  Schweigger, 
consiHts  of  a  magnetic  needle  (or  of  several  needles  fastened  together 
with  their  opposite  poles  placed  over  one  another)  sUK[>ended  by  a  deli- 
cate thread  and  sunTounded  by  H)0  or  several  hundreds  coils  of  a  cojiper 
wire  covered  with  silk.  By  this  anangement,  the  electric  current  is  made 
to  circulate  many  times  round  the  needle,  and  the  effects  of  its  several 
parts  become  added  together,  so  that  a  very  small  quantity  Buflices  to 
produce  deviation.  (Schweigger,  Schw.  31,  1  ;  32,  320;  Oerstedt,  gdif. 
62,  14  i  Norreiibi'rg,  ZeiUcfir.  Ph.  Math.  3  ;  Becr|uerel,  PofiQ.  2,  20G ; 
Nobili,  8,  338;  20,  213;  Nen-ander,  Ann.  Chim.  Ph>/s.  af),  IbG.} 

The  electric  current*  besides  its  deviating  or  dtflecting  actiim  on  the 
magnetic  needle,  likewise  exhibits  a  nagiu'tizing  action :  If  the  wire 
through  which  the  cuiTent  passes  be  twisted  in  a  spiral  form  round  a 
mass  of  iron,  the  latter  will  become  strongly  magnetic,  as  long  as  the 
current  passes  through  tlie  wire.  Steel  likewise  retains  a  part  of  the 
magnetism  thus  developed  in  it,  after  the  cunent  has  ceased.  A  steel 
wire  also  becomes  magnetized  when  [ilaced  outside  the  helix  and  parallel 
to  it,  but  t!ie  magnetism  thus  excited  is  weaker  and  the  direction  of  tlie 
poles  in  the  reverse  of  that  in  the  former  position  of  the  needle.  The 
electro-magnetic  action  is  not  ])revented  by  eurroundiug  the  needle  with  a 
glass  tube.  (Ampere  &  Arago.) 
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2.  Decomposition  oj  Latent  Electricity  into  its  two  i^tpotit*  kiada : — i>erelDp- 

meni  of  Electricitif. 

A.  Electricity  by  Induction- 

When  a  conductor  charged  with  (mii-  kind  (if  electricity — poeitive  for 
example — is  Heparatcd  from  another  contaiiiiiig  only  latent  electricity,  by 
a  nnn-condiictiir  such  as  air,  glarts,  varnish,  &e.,  the  tendency  of  the'posi- 
tivo  electricity  of  the  Hrst  conductor  to  combine  with  the  negative  eletrT^ 
city  of  tlie  second  causes  tlio  latent  electricity  of  the  latter  to  be  resoh 
into  its  two  parts,  the  negative  electricity  ffoing  towanla  that  part- 
tlie  second  conductor  which  is  nearest  to  the  first,  whilst  tlie  pMit 
electricity  aiiix-ars  in  the  fcee  state  at  the  other  end. 

Since,  as  api)ear»  irmw  iIuh,  one  kind  of  electricity  developes  the 
site  kind  in  a  body  containing^  only  latent  electricity,  and  eudeavoure*  tfl 
unite  witli  it,  it  follovvH  that  electrilled  hudieH  will  attract  even  those  io 
whitrh  the  electricity  is  wludly  lalent.  Hence  two  easily  moveable 
bodies  Buspended  in  air  ap|M?ar  to  re(xd  one  another",  1)ecau»e  they  are 
attracted  by  those  particles  uf  air  which  have  not  yet  received  any  cico 
tricity  from  the  bodies,  and  are  therefore  in  a  condition  to  supply  the 
oppOBitekiud  of  electricity.  This  takes  place  to  the  greatest  extent  wllh 
those  particlcH  of  air  which  are  situated  beyond  the  two  electrified  bodiea, 
and  least  with  those  between  them. 

When  the  tension  of  the  positive  electricity  in  the  first  conductor,  and 
of  t!ie  ncffativo  elw'tricity  thereby  dcvelo]H:d  in  the  second  liecomes  suffi- 
ciently great,  the  two  electricities  make  their  way  throtigh  the  intorpo8ed 
non-conductor  in  the  form  of  a  spark  (the  so-called  simple  electric  (tfMrL'\ 
or  of  a  himinoua  brnsh,  and  combine,' — and  both  conductors  siil.  ly 

contain  an  excess  of  jiositive  electricity  of  less  tension  than  !  li 

jwcviously  existed  in  the  first  condnclor. 

If,  before  this  combination  takes  [ilaoe,  the  positive  end  of  the  second 
conductor  be  connected  with  the  ground  by  means  of  another  oondnotort 
the  [wsitivc  electricity  jmsses  away  to  the  earth,  while  the  negsihre 
remains  in  the  second  conductor.  This  is  the  principle  of  the  £la^n» 
pJivruif,  the  Condenser,  and  the  luri/den  Jar, 

B.  Magneto-Electricity. 

Tf  either  pole  of  a  magnet  hv  thrust  within  a  metallic  spiral  connected 
with  a  galvanometer,  a  monieutary  deviation  of  the  needle  will  lie  pro- 
duced, the  north  and  south  jifiles  of  the  magnet  Tinxiucing  opposite  effects. 
If  a  horseshoe  maguetT  or  a  horseshoe-f tinned  keener  Kdong^g  lo  it,  bo 
Burrounded  with  Kilk-covered  wire,  and  the  two  snarjiencd  cnd«  of  tU^ 
wire  aiitalgamatcd  and  made  to  touch  each  other  loosely, — then,  on  and- 
deuly  pulling  the  keejH^r  off  the  tnagnet,  an  electric  8[>ark  will  peas 
between  the  ends  <^f  the  wire  as  they  are  separated  from  one  iv  ''  r  N; 
the  jerk.  (Faraday.)     In   the  Moijneto-elevtric  Machine  of  Pixii,  '» 

&c.,  the  horeshoe-formed  kcvper  is  surrounded  with  wire,  and  tn-' 
flhiK)  magnet  is  ma<le  to  rotate  rapidlyj,  so  that  its  two  jjoIcs  alteniately 
approach  the  two  ends  of  the  keeper.  The  direction  of  the  current  in 
the  spiral  is  reversed  with  eiM.^h  half -revolution  ;  but  by  means  of  the 

*  The  bodiet  an  of  cowm  mppoied  to  b«  umilarlj  elecirificJ.    [ W.] 
t  This  rery  cluauqr  unngetaebt  toon  Tell  Into  A\mw  :  in  «II  magnotoi 
BiacbioM  at  present  niod,  tk«  iiuiga«t  U  fixed  and  iLc  tecpcr  rcrolTot.    [W.] 
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CommutatoTy  matters  may  l»c  so  anaiiffd,  tliat,  as  the  electricity  Isbucs 
frnm  the  pxtremities  nf  the  spirnl,  all  the  jioKitive  electrieity  may  bo  com- 
municate<l  to  one  cnnductor,  iitid  all  the  negative  electrieity  to  another. 

Induction. — Two  helices  of  wire  euvcreiJ  with  silk,  ff'nmluc,  or  caout- 
chouc, and  wound  in  the  sanit?  dinction,  are  [iliiccd  jiarallel  to  each  other, 
or  one  within  tlie  other.  If  nriw  an  electric  current  he  passed  throujijh 
one  of  these  helices,  the  {iriinary  litUx, — then,  at  the  first  instant  f>f  its 
passage,  a  cun-ent  in  the  opposite  direction  Avill  l:»e  developer!  in  the  other, 
the  secondary  lielix :  and  at  the  moment  when  the  enrrent  in  the  primary 
helix  oeases,  a  current  will  pass  thrrni^h  the  Kccondary  helix  in  the  same 
direction  ae  that  in  the  primary  helix.  If  an  iron  cylinder,  or  still  better, 
a  bundle  of  thin  iron  rods  covered  with  «ilk,  be  (ilaeed  within  the  second- 
ary heUx.  the  current  ia  that  hehx  will  be  of  considerable  strength. 
(Faraday.) 

C.  Electricity  of  Capillarity  ? 

If  one  end  of  the  galvannmeter  wire  he  connected  with  a  platinum 
spoon  containing'  a  liijuid,  the  r(tlier  with  a  pair  of  forceps  holding:  a 
porous  body,  an  eleetric  cun'cnt  m  set  up  *;>n  dipping  the  body  into  the 
liquid,  and  continues  til!  the  body  is  completely  saturated  with  the  liquid. 
With  liydrochhaic  or  iiitrie  acid  and  spongy  platinum,  fHtsitivo  electricity 
^oes  from  the  phitiiuim  through  the  galvanometer  to  the  acid;  with  nitric 
or  dilute  sulpjhuric  acid  am!  charcoal,  the  current  lasts  about  two  hourn 
and  travels  in  the  opposite  directioTi.  (B^cquerel.)  In  the  case  of  char- 
coal, chemical  action  may  be  sui>{x>8cd  to  come  into  play,  and  likewise  hi 
that  of  the  platinum  when  it  hag  not  been  very  strongly  ignited,     (CSm.) 

D.  Electricity  of  the  Solar  Rays  P 

Wlion  the  eun  shines  on  a  perfectly  diy  glass  plate,  the  latter  becomes 
electrical ;  a  second  plate  on  which  the  light  falls  after  passing  tbn>ugh 
the  fijist  docs  not  become  so :  neither  does  heating  by  tire  produce  elec- 
tricity.   (Matteucci.) 

E.  Electricity  of  Crystals. 

HjiiOLj  crystals,  while  they  are  being  heated,  exhibit  opposite  electri- 
d^es  at  their  opi>osite  ends.  Those  extremities  wliieh  are  jioeitive  while 
the  tt'm])erature  is  risiug,  become  negative  as  the  crystal  cfiols ;  and 
conversely. 

Crystal-electricity  is  exhibited  ly :  Tourmalin  (^pinus),  topaz  (Can- 
ton), axiiiite  (Beard),  boracite,  prehiiite  (both  the  radiant  and  fibrous 
varieties  ju-cording  to  Von  Kobell,  Kmtn.  Archiv.  13,  388),  spheiie,  zinc- 
glance,  and  mesotjqx;  (Hauy);  (also,  according  to  Brewster,  Gi"eenland 
meHotyj)!',  skolezite,  and  mesolite),  rock-crystah  amethyst,  tartaric  acid, 
Rochelle  sjdt,  and  commtm  sugar  (Browst^jr) ;  rhoilizite  (borate  of  mag- 
nesia, G.  Rose),  neutral  tartrate  of  potash  (Ilankel),  and  in  a  shght 
degi-ee  by  milk-sugar  (Btittger,  Foe/g.  43,  6it9).  Besides  these  the 
followitig  are  enumerated  by  Brewster  us  exhibiting  crj'Htal-elt-ctricity : 
Diamond,  sulphur,  sulphate  of  annuonia,  carlMuuite  of  {wtflsh^  chlorate  of 
potash,  heavy  spar,  coelestin,  calcspar,  fluor  spar,  sulphate  of  magnesia, 
sulphate  of  magnesia  and  soda,  l)eryl,  iolite,  diopside,  vesuvian,  garnet, 
analcime,  red  orpiraent,  lead-spar,  green  vitriol,  ft^^rnw^yanide  of  ixitassium, 
corrosive  sublimate,  oxalate  of  animonia,  citric  acid,  and  acetate  of  lead.— 
Since,  however,  Brewster  merely  examined  whether  these  bodies  after 
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Wmg  heated  in  a  flame,  exhibited  any  signs  of  electric  exdtemfnt — an 
effect  which  mipht  protseed  from  various  canses — the  correctneM  of  his 
Btutement  is  doubted  by  IloukeU  who  examined  most  of  these  substanoea 
and  found  no  ajgus  of  crystal-electricity  in  them. 

Most  of  the  crystals  abiive-enumerated  are  unsymmetrical.  ■■'    '^"^r 
exhilnt  differently  formed  faces  at  tljeir  corresponding  ends,     j  , 

Uankfl  remarks  that  rock-crystal  in  the  soHd  state,  and  neutr<*i  i^un.*;*! 
of  jtotasli,  R«x:ht'lle  salt,  and  c«^mmon  sugar  in  the  state  of  solutioa,  ara 
said  by  Biot  to  exhibit  circular  polarization  of  light. 

TounnaHiH'S  are  generally  more  strongly  electrical  in  proportion  as 
they  are  darker  in  c<:ilour,  and  have  fewer  crevices  in  their  ioterior. 
(G-  Rose,  Pogff.  39,  320.)  Many  of  them  become  electrical  only  when 
suddenly  heated  and  ojoled.  Small  tourmalines  are  more  easily  excited 
than  large  ones ;  and  fragments  more  readily  than  entire  crystab. 
(Becquerel.)  Evcmi  the  mi  wt  finely  divided  tourmaline  powder  is  ele*';trical, 
so  that  when  warmed  it  adheres  togetlter  and  to  the  surface  on  which  it 
rests.  (Brewster.)  When  a  tourmaline  is  heated,  positive  electricity 
appears  at  that  end  of  the  f)rism  which  has  either  a  single  right  tenuiual 
face,  or  merely  the  three  faces  of  the  primitive  rhoral)ohcdron,  or  b«»th 
kuids  of  faces  together, — or  in  a<ldition,  the  faces  arising  by  truncation  of 
the  tertiiuial  edges  ;  and  the  negative  electricity  at  that  extremity  which, 
together  with  the  rigiit  secondary  ])lane,  has  also  the  three  last-named 
faces,  or,  togetlier  with  tlie  three  faces  of  the  primitive  rhonibohetlron, 
likewise  the  three  faces  of  a  less  obtuse  one.  (Kohler,  Pogy,  17,  146.)  It 
is  only  during  heating  and  cooling  that  the  tourmaline  shows  signs  of 
electricity  ;  as  long  as  the  temperature  remains  stationaiy  after  beating, 
it  shows  none  ;  but  as  soon  as  the  tenipimiture  begins  to  fall,  the  opposite 
clectricul  state  is  suddenly  cstablishetl  If  only  one  end  be  heated,  that 
end  alone  l>ecoriie8  eieetri<;al,  the  electricity  diminisliing  gradually  towards 
the  €«»ld  end  till  it  is  reduced  to  nothing  ; — when  the  heated  end  is  cx>oloil, 
it  ac'juires  the  opfKinitc  clectrioitj',  which  gradually  diminishes  t^jwurds 
the  fipjKisitc  end.  If  one  end  is  lieated  while  the  other  is  cw»led,  both 
exhibit  the  Kainc  kind  of  electricity.  (Bergman,  Opusc.  6,  402 ;  Bcc^juerel.) 
If  the  end  of  the  tourmaline  which  exhibits  ptisitive  electricity  when 
heated,  be  rubbed  with  wo«d,  it  will  l»ecome  more  strongly  electrical, 
because  the  friction  likewiHC  deveIo[x,'B  p^jsitive  electricity;  but  the  oppo- 
site end  when  rnblxd  witli  w(k)I  doi's  not  become  electrical,  becanst*  the 
positive  cleriricity  develi.|ied  by  friction  and  the  negative  eh^ctricity 
develoixHl  by  heat  neutnilize  each  other.     (P.  Erman,  Pogrj.  26,  C07.) 

In  boracitc,  the  four  summits  of  the  cube  in  which  the  tetralicdr.il 
faces  are  absent  become  positively  electric;  the  four  other  diagonally 
(»npoH<.'d  BUjiitnits,  which  ure  rephiced  by  tetrahedral  faces,  negatively 
efeclric.  (Kohler.)  In  the  dodecahedrons  of  rhodizite,  the  four  conici 
(rliuuilHihedral  summits)  which  have  tetrahedral  faces  become  jK^tsitivc 
electric  when  heated;  the  four  ripposite  corners  which  have  no  such  fa 
negatively  electric,    (fi.  Kose.) 

The  slmrt  prism  of  silicate  of  zinc  (electric  calamine  or  zinc-sfiar)  ia 
moditied  at  one  end  by  the  faces  of  a  rectangular  octohedron,  at  the  otber 
by  those  of  a  rhond)ic  octohedron;  the  furmer  becomes  positively  electric 
when  heated,  the  latter  negatively.     (Kohler.) 

Brazilian  topaz  l»ecome8  strongly  electrical,  Siberian  slightly,  Saxon 
not  at  all :  when  t<»|itt»  is  heated,  negative  electricity  appears  at  both  coda 
of  the  prism,  and  jHrnitive  on  all  tlje  lateral  faces.     (P,  E>man,) 

Skolezito  and  mesuUtc  deprived  by  heat  of  their  water  of  crystall 
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tion  and  reduced  to  powder,  still  shuw  aigJiB  of  crj'stal-electricity. 
(Brewster.) 

Neutral  tartrate  of  pota«h  crv-stallizcB  in  right  rhombic  prismB,  but 
a«;ca)iiinaU'd  with  twa  faces  at  the  acnln  lateral  cdf;r(>8,  and  iterix-ndieuJurly 
truncated  at  tlie  base.  The  first-nietitioned  extremity  tshtiWH  iieLrativc 
electricity  eveu  when  gently  warnietl,  and  positive  on  cooling ;  the  other 
end  exliibits  the  op]>usite  state.    (Hunkel.) 

The  supposition  that  crystal-electricity  proceeds  from  a  elructurc  of 
the  crystal  ftimilar  to  that  of  the  voltaic  pile,  is  contradicted  by  the  fact 
that  the  chemical  constitution  of  crystals  is  homogeneous, — whereas,  in 
the  voltaic  frile,  a  mechanical  union  of  heterogeneoua  substances  is  essential. 

'  F.  Thermo-Electricity. 

^Vllen  one  part  of  a  metallic  circuit  is  more  strongly  heated  than  the 
rest,  an  electric  current  is  excited  in  it  under  the  follouing'  circumstances: 
(«.)  When  the  circuit  consists  of  a  single  metal,  Jind  the  heating  wiiich 
takes  piac*  at  a  particular  part  diinuiishes  more  rapidly  on  one  side  than 
on  the  other;  atul  (fi.)  Wlieii  it  consists  of  two  metals,  and  one  of  tho 
points  of  junction  is  heated. 

a.   With  one  Metal, 

A  metallic  wire  connected  with  the  two  ends  of  a  galvanoraeter  gives 
no  electric  current  when  heated  in  the  middle;  but  wlieti  each  end  of  the 
galvanometer  is  connected  with  a  wire,  and  the  end  of  one  of  the  wires 
16  heated,  and  then  rpiickly  pressed  on  the  cold  end  of  the  other,  an 
electric  current  beertmes  laanilust  by  the  detiectiun  of  the  needle  of  the 
galvanometer.  The  direction  and  strength  of  this  currcnt  vary  with  the 
nature  of  the  metal  einployed.  In  the  so-called  pimfirelf/  thcrmo-ekcU-ic 
metals  (bismuth,  platinum,  gold,  silver,  cop])er,  &c.)  positive  electricity 
gtK^s  from  the  cold  piece  of  metal  through  tlie  gidvanometer  to  the  jjot 
piece ;  in  those  which  are  nfffaiivelt/  thenno-eU'ctric  (zinc,  iron,  antimony) 
from  the  hot  to  the  cold  end.  The  more  one  end  is  heated,  the  stronger 
is  the  cnrrent.  According  to  Yeliii,  bismuth  produces  the  strongi-st  cur- 
rent with  a  given  degree  of  heating;  then  follows  antimony,  then  zinc, 
silver,  platinum,  cojumt,  brass,  gold,  tin,  and  lastly  lead;  but,  according 
to  Nobili,  this  urder  is  correct  fiU'  certain  temjxTatures  only. 

A  simjik'  platinum  wire  connected  with  a  galvanometer  also  produces 
a  current  when  heated,  if  it  be  tied  in  a  knot  ut  (Uie  imint  and  healed 
near  the  knot;  iKS-ause  the  more  ra] ml  cooling  throrjgh  the  knot  causes 
unequal  distribution  of  heat  on  the  two  sides;  the  ^Kisitive  electricity 
proctieds  from  tlie  knot  through  the  galvanometer  to  the  heated  part. 
Two  copper  wires  do  not  produce  so  strong'  a  cuneiit  when  clean  as  they 
do  when  covered  with  oxide  or  with  a  tliiti  film  of  silver  or  gohl,  iK'cause 
the  covering  hinders  the  coniinunication  of  heat  to  the  cold  end,  and  con- 
sequently  interferes  with  its  uniform  distriluition.  (Becquerel.)— Mercury 
is  not  thermo-electric,  according  to  Matteucci  and  De  la  Kive;  very  sUghtly, 
according  to  Peltier. 

[Many  metals,  as  antimony,  iron,  and  zbic,  conduct  positive  better 
than  negative  electricity  ;  others,  as  platiniun,  copix-r  and  silver,  exhibit 
the  contrary  relation.  When  a  metal  is  heafeil,  its  power  of  conducting 
electricity  iliminishes  altogether  ;  but  tlie  dijuinntion  is  gieatest  with 
regard  to  that  kind  of  elwtricity  which  it  conducts  least.  When  a 
piece  of  metal  heated  at  the  extremity  touches  a  cttld  piece  of  the  sitme 
metal,  the  heat  dbuiniBlics  gradually  from  the  heated  end  to  tho  part  of 
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the  same  piece  of  metal  in  contact  with  the  galvanometer,  but  snddonlv, 
towards  the  cold  end  of  the  other  piece  of  metal.  Consequently,  m 
heated  platiQinn,  the  condncting  jKiAver  is  most  diminiBhcd  for  positive 
electricity  ;  Biuce  this  kind  of  electricity  is  least  conducted  by  the  platinum 
when  cold ;  in  antimony  the  [Miwer  of  conducting  negative  electricity 
suffers  the  greatest  diminution.  The  heat  accunuilated  at  one  end  of  tho 
piece  of  metal  endeavours  to  diffuse  itself  miiformly  through  the  whol«j 
metallic  circuit,  hut  can  only  do  so  gradually  as  a  whole ;  its  two  clemeuta 
the  two  electricities,  would  tiow  rapidly  round  the  circuit.  Since  now  the 
conducting  power  is  different  on  the  oftptjsite  sides  of  the  hottest  ptiiut* 
the  heat  is  decom|K>8ed ;  and  in  the  case  of  platinum,  tho  p<i8itive 
tricity  goes  from  the  hot  end  to  the  cold,  and  thence  into  the  gal 
meter,  wliile  the  negative  electricity  goes  from  the  hot  piece  of  mptal 
(which  from  that  cause  has  less  power  of  conducting  positive  clectririty) 
intii  llie  gidvuuometer ;  so  that  the  two  eh^ctrieities  n-cornbiue  and  fonn 
heat  in  tlie  cohler  jiart  of  the  metallic  circuit.  With  antiniouy,  in  which 
the  conducting  power  is  greatest  for  ftositive  electricity,  the  direction  of 
the  cun-enl  is  the  reverse  of  that  just  descrihed.  This  action  continued 
till,  by  the  passage  of  heat  into  the  cold  end,  the  rat<!  of  decrease  of  the 
heat  Ijecomes  the  same  on  both  sides  of  the  hottest  point,  and  const.*- 
miently,  there  is  no  longer  any  inducement  f<ir  the  [jositive  clocTtricity  to 
go  one  way,  and  the  negative  the  other;  fur  this  reason,  no  current  i* 
jintduced  when  a  contuauoua  metallic  arc  is  heated  at  any  (Kiint  whatercr.J 
—  TiJ.  p.  31C. 

Even  when  the  heated  end  is  Bejxirated  from  the  cold  end  by  a  l»ody 
in  the  state  of  igneous  fusion,  an  electric  current  is  produced  in  the  samo 
direction.  If  borax,  carbonate  of  srxla,  carb«^nate  i>f  potash,  cldoride  of 
potassium,  iodide  of  potassiinn,  sulphate  of  scHla,  or  chloride  of  gtrontiam 
m  the  state  of  igneous  fusion,  be  placed  between  two  i>latiuum  wires  sepa- 
rated by  a  little  distance  from  one  another,  and  one  of  the  wires  l>e  heated 
more  strongly  than  the  other,  the  iK)8itivc  electricity  will  g«  from  the 
colder  wire  thrfuigh  tiie  galvanometer  to  the  hotter  wire.  The  current  i« 
Bufficiently  strong  to  decom]»o8e  iodide  of  potassium  under  favourable 
circumstances.  If  five  platinum  wires  be  joined  together  by  four 
fused  borax,  and  the  four  ends  of  the  wires  heated  always  to  the 
of  the  borax,  a  current  will  Iw  produced  sufficient  to  evolve  gas 
passed  through  dilute  sulphuric  acid.  The  Imuiix  and  (he  other 
suffer  no  chemical  change.  Even  boracic  acid  which  conducts  Io«i 
readily  than  l«.trax,  produces  a  distinct  electric  cunvut.  When  the 
carbonate  of  s^Mla  is  not  perfectly  fused,  the  direction  of  the  current 
is  reversed.  If  the  platinum  wires  are  se[>arated  by  glass,  the  (M->sitiv« 
electricity  passes  from  the  hot  platinum  through  the  pilvunomotor  Ui 
the  cold,  when  tlie  plate  of  glass  is  thin,  or  when  it  is  thick  and  strongly 
heated ;  but  m  the  opjx>«ite  direction  when  the  glass  is  thick  and  m«iac« 
rately  heated.  S  strmigly  heated  film  of  mica  intcqiosed  Itotwctm  tha 
plutinmti  wires  likewise  allows  a  little  positive  eU-ctricily  to  pas^  from 
the  eitid  wire  through  tlie  galvanometer  to  the  hot  wire  (Aiulrews). 
in  fuse<l  (but  not  red-hot)  phosphate  of  soda  and  ammonia,  sulpl 
rdpjMT  and  p)tasli.  aidiydrous  acetate  of  soda,  nitrate  of  aiumouia, 
bKinviniato  of  |K^>tash,  a*-etate  of  fjotash,  and  nitrate  of  soda,  two  uneq 
heated  platinum  wires  produce  an  electric  current,  strongest  in  the  finV 
and  weakest  in  the  last-nientii»ned  of  these  salts  (R.  BultgtT,  Amw,  iMS 
M). — If  a  h<jt  an«l  a  cold  |ilatinum  wire  connected  with  a  gftlvancM 
be  dijiped  in  water,  or  if,  when  the  two  wires  are  placed  in  Um 
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vessel,  hot  water  be  poured  on  the  one  and  cold  on  the  other,  i>OHitivo 
electricity  will  pass  for  a  whort  time  from  the  cold  wire  through  the  gal- 
vanometer to  the  hot  wire.  (NobiU.) 

b.   With  Tim  Melah. 

When  two  pieces  of  different  metaU  cnunectcd  with  a  galvanometer 
are  united  by  soldering  or  by  iatimate  contact,  an  electric  current  is  set 
tij),  as  stHjn  as  the  point  of  junction  is  brought  to  a  teuip»erature  diilereut 
(either  higher  or  lower)  from  that  of  the  rest  of  the  circuit.  (Seebcck.) 
The  strength  of  the  current  appears  to  Ik;  in  direct  projKjrtion  to  tlie  dif- 
fcreuc-c  of  temjx^rature ;  its  direction  deijcnda  uj)on  the  nature  of  the 
metals  eni]ilnyed  The  metal«  may  be  airanged  in  a  tiurmo-ehctrk  series^ 
such,  that  each  metal — when  connected  with  the  one  on  its  left  hand — • 
transmits  negative  electricity,  and  wIh'u  connected  with  that  on  its  right 
hand,  |x:«it[ve  electricity,  from  its  heated  ix>int  to  tlie  galvanometer, — the 
pijuit  of  junction  being  supposed  to  be  heated,  and  ti/jc  ver^d  when  it  is 
cooled  The  strongest  current  is  produced  by  a  circuit  of  bismuth  and 
antimony,  these  metals  staiuling  at  the  extremities  of  the  series. 

According  to  YeUn,  the  order  is :  Bismuth,  silver,  platinum,  copper, 
gold,  tin,  lead, — zinc,  iron,  anthiiony. 

According  to  Becipiercl :  Bismuth,  platinum,  lead,  tin,  gold,  silver, 
copper, — zinc,  iron,  antimony. 

According  to  Gumming:  Galena,  bismuth,  mercury  rj«<7  nickel,  plati- 
nuna,  |)alladium,  cobalt,  silver  alloyed  with  copper  and  niangancBe,  tin, 
lead,  brass,  rhodium,  gold,  copjxsr,  osiututn-indium,  silver, — zinc,  char- 
coal, graphite,  iron,  arsenic,  antimony. 

The  dash  separates  the  thenuo-i)<jsrtivc  from  the  thenuo-negative 
metals  ;  the  conjunction  anil  is  jjlaoed  between  two  metals  of  equal  thermo- 
electric power.  The  discrepancies  in  the  statements  of  different  experi- 
menters induce  the  supjx^sition  that  the  direo^onof  the  ciurent  is  affected 
by  impurities  in  the  metals,  and  varies  with  the  difference  of  temperature. 
That  the  latter  may  really  be  tliecase,  will  appear  from  the  following. 

When  iron  is  moderately  heated  in  ccmtact  with  copper,  silver,  gold, 
brass,  or  zinc,  jxisitive  electricity  pn.iceeds  froiu  the  irun  through  the 
galvanometer  to  the  copfier,  A:c.,  but  wheji  the  heat  is  stronger  from  the 
enppcT,  etc.,  to  the  iron.  (Cnnnning.)  The  reversal  of  the  direct iun  nf 
tliLt  current  t.'ikes  place  at  a  (hdl  red  heat,  wlien  copjK-r  and  imn  are  the 
inetaJs  emplnyptU  (liecquercl,)— Zinc  utul  goUl  produce  at  7"'°  a  feeble 
current,  which  fiasses  fnini  tin."  zinc  llirough  (he  galvanometer  (o  the  gold  ; 
at  150",  this  current  ceases ;  at  IHo"  an  «>]>p<)Mili,'  mrri-nt  sets  in,  and 
becomes  verj'  strong  at  275".  Oji  the  coutraiy,  with  zinc  and  silver  at  a 
low  tem[)erature,  [msitive  electricity  passes  from  the  silver  through  the 
galvanomeler  into  the  zinc.  Thin  current  attjiitiH  its  gniati-Ht  Btniigth  at 
120%  diminishes  at  a  higher  tenifxTatnre,  ct^ases  at  225",  and  is  reversed 
at  still  higher  temperatures.  (Becquerel.) 

The  farther  two  metals  arc  sepamted  in  the  thenno-eleotric  series, 
and  the  higher  the  temperature  of  their  pctint  of  jvmction,  the  more  power- 
ful is  the  electric  current;  but  it  is  always  small  in  quantity,  and  of  very 
feeble  tension. 

[Since  bismuth  conducts  negative  electricity  better  than  ixtsitive,  and 
antimony  conducts  positive  ehxtricity  btdt^-r  than  negative,  it  follows,  from 
the  hypothesis  laid  down  on  page  321,  that,  on  heating  the  jxiint  of  jmiction 
of  these  metals,  the  negative  eiecti-icity  will  pass  through  the  bismuth,  and 
the  p<>8itivc  through  the  antimony,  towards  the  colder  part  of  the  metallio 
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circuit    When,  on  the  other  hand,  tlie  point  of  junction  is  made 
than  the  rest  of  the  ciiciiit,  hi.'jit  is  <lcfniii[»oscd  in  tiio  warmer  i)art,  send* 
ing  nej^-ative  electricity  tliroiig-h  the  hiKiimtii,  and  jMisitivc  through  lh<* 
aiitirrioiiy,    towards   the   point  nf  juiu-tiuii;  hence  a  revenie  eunxiil  ia 
excited.     Tlie  fffect  j^trudticed  in  a  circuit  of  bismuth  and  antimony  is 
likewise  obtained  with  any  other  [uiir  of  metals,  one  of  which,   like  plati- 
num or  copper,  iias  greater  conducting'  jvower  for  positive  electricilv,  the 
other,  like  zinc  nr  iron,  for  neg^ativt-  *.«lcctricity.      In  the  case  o?  t«o 
metals,  both  of  which  comluct  »>ue  kind  of  electricity — e.g.,  negative 
tricity — better  than  tltc  other,  it  must  be  observed  that  this  pf^wcr  bol 
to  tlic  two  inetalK  m  difFen^iit  degrees,  e.ff.,  to  bismuth  more  than  platii 
and  to  phitiiiuni  more  than  cupper.    In  such  a  case,  the  negative  clectncity 
will  always  travel  thnMi;t;|-h  tliat  metal  which  has  relatively  tlie  g^ri'ttter 
power  of  transmitting  it,  and  the  |x>sitive  electricity  through  the  other, 
which  relatively  offers  it  the  least  reBistancc.     The  reversal  of  the  direc- 
tion of  the  ciiiTcnt  at  certain  teni|XTa(urcH  seems  to  unply,  that  the  piowcr 
of  a  iiit'tid  to  conduct  one  kind  of  electricity  in  preference  to  the  othtT 
varies  with  tlie  tcm|M'rnture.] 

By  combining  a  number  of  themio-«>l(H'trie  pairs  into  a  thfnno-tltctris 
UattiTif,  Chuiiu  or  Pile,  a  (xjwcrful  tbcrmo-ek'ctric  cmrent  may  !>•  ob- 
taineti:  f.y.,  a  number  of  biirs  of  bismuth  and  uutiniony,  or  of  platinum 
and  iron,  alternately  soldiTod  togetlier,  and  heat  applied  to  the  first, 
thill!,  fiftii,  &c.,  iM>iuts  fif  junction,  whilst  the  sectind,  fourth,  Ac.,  are 
kept  cold.  In  thJH  tnanncr,  the  thermo-electric  cuirent  produces,  notonhr 
dellection  of  the  needlf,  but  likewiKe  chemical  decompositions  of  Ii(]uiaa 
(liotto,  J'oifij.2\i,  23m),  and  heating  effects, — so  that  even  when  one  of  the 
condiuling  wires  of  the  battery  is  ciM)lfd  by  immersion  in  ice.,  ibe  point 
i>f  junction  of  that  wire  situated  without  the  ice  becomes  sensibly  wanned. 
(Watkins,  P/Ul.  Mug.  J.  14,  82;  also  Pugg.  4G,  497.)— Melloni's  Thermo- 
vnilfijUicr  or  Tf)ri-iHOifcope(ft.m)  is  also  a  pile  formed  in  this  manner  of 
bars  of  liisniuth  and  antimony,  and  countH^led  with  a  galvan<i»ni.>ter,  Tho 
rays  of  heat  fall  on  the  1st,  3rd,  ftth,  &c,  f>oints  of  junction,  whilst  tliu 
2nd,  4th,  &c.,  are  kejit  cm»L  Tl»e  smallest  difTfrencc  of  t<!m(H*raturM 
ln^tweeu  the  two  sets  of  junctions  Bufliues  to  produce  deviation  of  tlia 
needle. 

A  thermo-electric  pile  of  bismuth  and  antimony,  which  exhibited 
no  action  on  the  magnet,  when  heated,  acijuircd  this  |K>wi'r  {tennanoDtty 
when  previously  dip|H;d  for  a  second  in  nitric  acid  of  1*4  specitic  grmritr, 
(Diibereiner,  Pog^.  49,  688.) 

G.  Electricity  by  Friction :  Common  Electricity. 

Solid  bodies  become  oj:i|K^iKitely  electritied  when  niblied  on  otu^  onfithert 

id  Ui  a  certain  extent  when  merely  juessed  together  atid  aflerwanLi 

^rauatcfl.      Homogeneous  biddies  for  the  most  part   exhibit  this  result 

xmj  when  their  surfaces  are  in  different  states,  nr  when  they  differ  in 

tentperattu-o ;  with  heterog-encous  budies,  the  development  uf  electricity  is 

vamx  greater. 

When  two  parallel  faces,  natural  or  artificial,  of  a  mineral  are  prcMttd 
Iwtweeu  lhc«  ting«'ns,  the  mineral  frequently  U'comes  electrical  on  tbeaesar*^ 
fiwx's,  generally  showing  iMisitive  electricity.  L'alcsfuir  retains  the  electricity 
thus  tleveloiM-d  from  thri-e  to  eleven  days,  topiz  and  lluor-spar  aevcnd 
hours,  miea  luie  or  two  hours,  and  nx-k-crj-stal  for  a  shorter  time.  Talc 
mast  l>e  innulated  in  order  to  render  it  electrical;  heavy  spar  and  gytwum 
ore  not  sensibly  electrified.  (Iluuy.)— Aucording  to  Bccqucrcl,  not  a 
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of  electricity  is  perceptible  while  bodies  are  hcing  prcBBod  toiifctlicr  ;  it  is 
not  till  they  arc  Bt^paratud,  that  the  one  appeiirs  pf»sitiv(.-ly,  the  other 
neg-atively  electriiietC  A  shce  of  cork  hceouicH  positively  electrified  wheo 
pressed  a{?aiiiKt  a  nlice  or  plate  of  caoutchouc,  oraiige-peel,  retiiia8i)ha!t, 
coal,  nrnber,  zinc,  Copjx?r,  biIvct,  cyanitc,  or  heated  dr)uble  refraetui^  sjiar, 
these  substances  at  the  same  time  becoming  n<-gative.  On  the  contrary, 
the  slice  of  cork  becomes  negative  with  all  dry  aniuml  substaneeK,  with 
heavy  epar,  gypsum  (which  must  be  freed  by  drying  from  hyf'TOHCf'pic 
water),  duor-wpar,  and  double  refracting  spar,  not  heated, — thuse  sub- 
ataneea  at  the  same  time  becoming  positive.  Two  good  conductors 
pressed  together  exhibit,  when  sejiarateri,  no  other  electricity  than  that 
develoi)ed  by  mere  contact.  Two  similar  biMliesdf)  nn{  liecume  electrical 
by  ]»reHHnre  uuIchs  one  of  them  is  at  a  higher  tcniperatdre  than  tlie  other; 
and  then  the  hotter  body  always  becomes  negative,  the  colder  positive. 
The  strength  of  the  electricity  thus  develo]>ed  depends  upon  the  nature  nf 
the  Imdies,  the  state  of  their  snrfacefl,  the  intei>sity  of  firessure,  and  tho 
rapidity  of  separation.  Cork  produces  more  electricity  with  calcsjiar,  when 
the  pressure,  is  exerted  on  one  of  the  faces  parallel  to  the  clouvuge-plarieH, 
than  with  heavy  spar,  with  the  latter  more  than  Avith  jjolistied  rock- 
crj'stiil,  and  with  this  more  than  with  gyjienm,  or  with  tho  ])olishod  Kur- 
face  of  calc8])ar,  and — when  preasure,  temfjeraiure,  drv'iiess,  and  ptflish,  of 
the  cleft  surfaces  are  ecjual, — three  times  as  much  with  ctdespai"  as  with 
gypeum.  Tlic  iiitefisity  of  the  electricity  varies  directly  as  the  prcHsurc, 
— 80  that  when  the  latter  is  d<mbled,  the  former  is  doubled  also.  Lastly, 
if  the  two  bodies  which  have  been  pressed  together  are  slowly  separated, 
the  two  electricities  have  time  to  reunite,  and  a  much  smaller  qnintity 
remains  iu  the  free  state  after  the  separation.  Bodies  rendered  electrical 
by  pressure  retain  the  electricity  for  a  longer  time,  in  proiJ«)rtiou  as  their 
inmdating  or  non-ojnd acting  [xjwer  is  greater. 

These  phenomena  are  ascribed  by  liecqnerpl  to  tlie  same  cause  as  that 
which  produces  the  fullowing  effects,  obseiTed  by  himself.  When  two 
laminae  of  a  crystal  of  mica  are  suddenly  torn  asimder,  there  is  not  only 
an  appearance  of  light  prudiici'd,  Init  one  latniiia  hecnnjes  positi\irly,  tho 
other  negatively  elect ritk'd :  if  again  pressed  together  and  subsetpietitly 
separated,  they  again  appear  fleet rilicd.  ALsn,  on  the  cleavage  of  culcspar, 
fiiior-Hpar,  heavy  spar,  topaz,  talc,  ami  dry  wanned  gypsum,  and  cm 
tearing  a  f)laying-card  hito  its  two  sheets,  the  se|>erivted  lamime  appear 
oi>positel3'  eSectriiied.  In  topaz,  avIujsc  clctivage  takes  plutM-  parallel  tt*  tho 
terniiiia!  faces  of  the  prism,  the  cleft  snrface  lK'lo(if;ing  to  ono  end  nf  tho 
prism  exhibits,  suinetiiiies  one  kind  of  electricity,  sometimes  the  other. 
When  melted  shellac  is  poured  uix>n  glass  and  pulled  off  after  cooling  botl. 
become  electritied, 

Non-crystalhne  bodies,  such  as  sealing-wax  or  ghiss,  exhibit  no  elec- 
tricity when  broken.  {Viff.  CreJl.  Ann.  17HG,  1,  325.)  In  the  btnner  eases, 
the  separation  of  bodies  united  by  pressure  produced  electricity ;  m 
the  present  case,  it  is  a  uiuoii  pruduoed  by  cohesion  that  is  overcomo. 
(Becnuerel.) 

If  sulphate  of  ctipi>er  and  fHitash  Ix;  brought  into  a  state  of  red-hot 
fusion  in  a  platinmn  crucible — connected,  by  a  ring  of  wire  on  which  it 
rests,  with  a  Uohnenberger's  electrometer — and  tiien  left  to  cool,  no  oleo- 
tricity  will  be  appai"ent  during  the  ci^'stallixation ;  but  as  sonn  as  tho 
crystalhne  mass  begins  to  contract  with  an  audible  decrepitation,  and  falls 
to  pieces  gradually  and  spontaneously,  the  fonnation  uf  each  new  fissure 
is  accompanied  by  a  development  of  electricity,  and  tho  effect  g^ocs  on  till 
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the  whole  maea  is  cnvrabled  into  dust.  (R.  Bottger,  Fogg.  60,  43.) — ^Two 
eheete  of  unsized  paper,  impreg-natcd  with  hot  wax,  stick  fast  together 
when  rublx'd  with  a  Icatlicr  cnsiiion  ;  and,  on  beitif?  pulled  aeundcr  wltile 
warm,  are  found  to  be  electrified  sufficiently  to  produce  a  spark.  (Simon, 
Br.  Archiv.  31,  21(1.) 

According  to  H;niy,  the  fnllowing-  Bubetances  become  positively  elec- 
trical when  rubbed  with  woollen  cloth,  and  are  likewise  insulators:  Dia- 
mond, sulphate  of  potiish,  nilre,  common  salt,  witherite,  heavy  spar,  stron- 
tianite,  double  refnicting'  spar,  arragonitv,  aj)atit(',  anhydrite,  gy])sum, 
glauborite,  fluor-spar,  boracite,  bitter  spar,  sulphate  of  magnesia,  sapphire, 
Bpinell,  chrysoberyl,  quartz,  zircon,  emerahl,  euchise,  tojiaz,  iolite,  cyanit**, 
chiastohte,  axinite,  tourmalin,  garnet,  cinnamon  stone,  vesuvian,  felspar, 
prehnite,  mica,  aix)phyllite,  liomblendc,  acthiolite,  tremohte,  augitc, 
diopeide,  epidote,  ne|ilioliii,  niesotype,  stiUiite,  analcime, — and,  in  short, 
probably  all  condtinations  of  earths,  alkalis,  and  mineral  acids  among 
themselves  occurring  in  the  mineral  kingdom,  with  the  exception  of  talc: 
moreover,  electric  ciilamiiie,  zinc-spar,  tin-stone,  lead-spar,  sulphate  of  lead, 
ephcne,  and  tnngstate  of  lime. — The  following  become  positively  electric, 
and  aro  conductors:  Bismuth,  zinc,  lead,  cojiper,  brass,  silver,  and  silver- 
amalgam.  Non-conductors  liecnming  negatively  electrical,  are :  Sulphur, 
talc,  anutase,  titanschorl,  uranite,  cobalt-bloom,  orpiment,  blende,  phosphate 
of  lead,  mnlvbdatc  of  iea»l,  chromate  of  lead,  specnhir  iron,  green  vitriol, 
pnissian  lihie,  cube-ore,  red  oxide  of  copjx>r,  malachite  (wliich  sumetimes 
beaunes  tw>sitive),  blue  carbonate  of  copper,  pseudo-malachite,  blue  vitriol, 
dioi>tase,  chrysocolla,  arseniate  of  copper,  cinnabar,  subcldoride  of  mercury 
or  horn-quicksilver,  red  silver,  amber,  retinas|»halt,  elastic  petroleum 
(Krdharz),  honey-stone,  and  anthracite. — Conductoi-s  becoming^  negatively 
electrical  arc  :  I!vait<!,  allanite,  tantalite,  yttto-tantalite,  wolfram,  sulphide 
of  molybdenum,  chrome  iron  ore,  pitch-blende,  peroxide  of  manganese, 
sulphide  (jf  ni.anganeBe(manganeso-glance)  earthy  cobalt,  arsenic,  antimony, 
native  sulphuret  of  antimony,  black  tellurium,  bi»mnth-glance,  tin,  tin- 
pyrites,  galena,  iron,  graphite,  magnetic  iron  ore,  red  hieuiatite,  magnetic 
pyrites,  native  ferroso-ferric  sulpliate,  iron  pyrites,  ars<HjicaI  pyrites, 
copper-glance,  grey  copper,  nickel,  copper-nickel,  native  amalgam  of  tin, 
vitreous  silver,  aiitiraonial  silver,  gold,  platinum,  and  {wUadium. — When 
the  cry'BtaMine  alructnrc  is  imjunfecf,  the  proi)erty  of  becoming  electrical 
by  friction  is  often  absent,  and  so  likewise  is  the  insulating  power;  e.g^ 
calc-8j*ar  and  statuary  marble.  Want  of  jjolish  on  the  surface  also 
frequently  interferes  with  the  insulating  jx>wer,  and  produces  ncgativo 
instead  of  positive  electricity,  when  tlio  substance  is  rubbed,  e.^.,  iu 
qiuirtz. 

Insulated  metals  mblied  with  the  dry  hand,  or  with  horn,  ivory,  wood, 
or  cork,  become  electrical, — -rhodium,  platinum,  palladimn,  gold,  cobalt, 
nickel,  tellurium,  and  antimony,  ahvays  negative,  tin-  last  ver^'  strongly, 
rnlver,  copper,  brass,  and  tin,  mostly  negative ;  zinc  and  iron,  sometimes 
negative,  sometimes  jMjsitive;  lead  and  liisumth  (the  latter  in  the  highest 
degree)  p<i8itive.  It  is  to  be  supposed  that  all  metals,  if  perfectly  cJcan, 
would  become  negative;  but  since  the  more  oxidable  soon  beoomo 
oovcri'd  with  a  thin  lilrn  of  oxide,  a  jxtrtion  of  this  oxide  often  adlicrc« 
to  the  rubber,  and  the  metal  becomes  rK)nitive  by  l»eing  nibbed  with  it ; 
or,  if  the  film  of  oxide  holds  faster,  the  friction  takes  place  l)etwcen  this 
oxide  and  the  woikI,  A^c.,  in  con8ei|neiico  of  which,  the  metal  hccomca 
negative.  Freshly  polished  metals  rubbed  with  new  wood  always  bocnme 
negative,  except  lead  and  bismuth,  which  aix)  Bometlmes  rendered  i>08itivc* 
(Do  la  Rive.) 
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On  rubbing  together  two  metals  connected  with  the  ends  of  tlie  gal- 

annmeter,  the  folluwing  order  is  observed,  beginning  with  the  metal 

hich  is  negative  with   all  others  :    Biamuth,   nickel,  cobalt,  |jalkthimi, 

platinum,  Iwid,  tin,  gold,  silver,  cop^jer,  zino,  iron,   eadniimti,  antimony. 

This  is  the  therniu-eleetric  serieH.     NeverthelesR,  Bccqncrel  ia  of  opinion 

•wrongly  [xMhai is)  that  tlio  production  of  electricity  in  this  manner  cannot 

attributed  to  the  heat  develofx-d  by  friction. — A  button  of  bismuth, 
itlmony,  u-on,  or  platinum,  ruhbed  on  a  plate  of  the  same  metal,  b«t 
mes  positive;  xino  liJiewise  exhibits  this  action  in  a  slight  degree. 
Fihngs  or  granules  of  metal,  as  well  aH  metallic  oxides  or  suljihjde.s,  let 
fall  on  a  plate  of  tlie  same  metal  placed  in  a  slanting  position,  always 
become  negative;  bo  likewiBo  docs  rough  glass  when  rui>bc'd  upon  Kmouth. 
(Iiecr|uerel.) — To  this  chisa  of  effects  belongH  also  the  elcetrizatioa  of 
powders  let  fall  through  sieves  made  of  different  materials. 

Finely-divided  coprnT,  obtained  by  reducing  curbunatc  of  coftper  by 
meaiia  of  hydrogen  gas  at  a  very  tow  temi>eratin-e,  Itecomes  strongly  elec- 
trical wlien  presHcd  together. 

Perfectly  dry  oxalate  of  lime  becomes  positively  electrified,  in  bo  high 
a  degree,  merely  by  stirring  it  with  a  rod  of  glaHs  or  jjlathium  (which  at 
the  same  time  becomes  ti(^gative),  that  tin-  pOAvdcr  is  lifted  out  of  the  biisin 
which  contains  it.     (Faraday,  Qu.  J.  of  *SV.,  1!),  338.) 

Sulphur,  wax,  taJlow,  cocoa,  or  chocolate,  after  fusion,  and  calomel 
after  Bubhmation,  left  to  cool  in  a  glasa  or  metallic  veRsel,  shows  no  eign 
of  electricity  on  ita  upper  surface ;  but  very  atrong  elcctrizatirm  ofteu 
suflBeient  to  give  sparks,  on  the  surface  which  has  been  in  contact  with  the 
vessel.  Tlie  electricity  ia  genendly  positive;  but  with  sulphur  I  have 
sometimeH  fouiid  it  to  be  negative,  whilst  the  inner  surf  ace  of  the  vessel 
exlubita  the  (*ppo8ite  electricity  in  an  oqii;d  degree.  (VkL  CrdL  Ann. 
1784,  1\  Hi)  ;  17rt(;,  I,  32a:  6'i/A.  23,  23U  ;  Kmtn.  Archiv.  i>,  472.)  Tlieso 
phenomena  were  funnerly  attributed  to  the  cxiHtenee  of  positive  elec- 
tricity in  a  state  of  enmbination  in  liquids,  thi.n  [Mwitive  electricity  being 
supiJORcd  to  be  8et  free  on  the  passage  of  tlie  bfidy  to  the  solid  state.  But 
since  the  jMiHitive  electricity  does  not  slitiw  itsitlf  on  the  upjier  surface  of 
the  solidified  mass,  but  only  where  it  is  in  contact  with  the  vessel, — and 
sbicc,  according  to  Gay-Lussac  {Ahh,  Cfii'm.  r/iifs.  8,  ISU),  no  negative 
electricity  is  set  free  during  the  fusion  of  metals  in  glus,s  vessels, — which, 
however,  ought  to  ensue  if  |)f)8iti\'e  electricity  were  rendered  latent  during 
the  bi^uefaction, — it  is  better  to  supptisc,  with  Gay-Lussac,  that  the  eleo- 
tricity  observed  in  this  process  proceeds  merely  from  the  friction  occasioned 
by  the  unequal  contraction  of  the  solidifying  lx»dy  and  of  the  glass  vessel 
with  which  it  is  in  contact,  and  from  a  jiartial  separation  resulting  from 
the  same  cnusc. 

The  following  experiments,  however,  cannot  well  be  explained  on 
such  a  snp|joHitiori.  When  water  is  allowed  to  freeze  in  a  Leyden  jar, 
the  inside  of  the  jar  becomes  slightly  [lositive,  the  outside  slightly 
n(!gative;  the  rapid  tlia\ving  of  the  ice  produces  the  contrary  etl'ect. 
(GrotthuBS,  Arm.  Chiiiu  rhi/s.  27,  111.) — If  a  glass  bulb  and  a  t«l«e 
about  O-OI  or  0*02  metre  long  attachcri  to  it  be  completely  filled  with 
water,  surr<Hmde(!  with  cotton  moistoruMl  with  ether,  and  placed  under 
the  receiver  of  the  air-pump,  an  electric  si)ark, visible  even  by  day,  will  dait 
out  of  the  tube  the  moment  before  the  hquid  freezes.  (Pontus,  J.  Chim, 
Med.  9,  430.) 

The  degree  and  kind  of  electricity  which  two  bodies  assume  on  being 
rubbed  together  vary  with  the  temperature ;  the  pressure,  and  the  hygro- 
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metric  state  of  the  air.  (Desaaignest  J.  Ph^.  B2,  360  aiid  418;  83,  4, 
194  and  415.) — A  glasR  tube  rubbed  with  a  cloth  perpendiciil»rty  to  its 
axiff  bccomcfi  positive  ;  but  when  proBscd  under  the  arm  and  mbbcd  back* 
wards  and  forwards,  parallel  to  its  axis,  it  generally  becomes  nej 
(Om.) 

According^  to  Wollaaton'a  view,  friction -electricity  always 
from  oxidation :  for,  according  to  that  phiiosttpher,  glass  gives  no 
tricity  when  rubbed  with  an  amalgam  of  gilver  or  platinum,  because 
metalH  are  not  oxidable.  It  ie  niore  powerfully  excited  by  zino-< 
than  by  tin-amalgam,  l>ecanBe  the  funncr  is  the  more  oxidable  ;  snd^tfll 
more  strongly  by  a  niixture  of  the  two,  which  oxidates  most  quickly  of 
all.  According  to  WoIla8ti"n,  also,  an  cl»?ctrical  machine  gives  no  eke- 
tricity  when  made  to  W(»rk  in  carlxniic  acid  gas.  But,  according  to  Gay- 
LuMtac,  clectricify  iw  oblaincd  in  carbonic  add  gas  when  the  gas  is  dry; 
according  to  Sir  If.  Davy,  it  is  also  obtained  in  hydrogen  gws,  and  more 
abundantly  in  carbonic  acid  gas  than  in  the  air ;  and,  according  to  Podet 
{Ann.  C/tim.  Phfit.  70,  83),  the  electric  excitement  J8  equally  strong  in  dxy 
air,  carbonic  acid  gas,  and  hydrogen  gas. 

Oti  the  devi'lopment  of  elt'Ctricity  by  friction  depend  the  Electr^Aemu 
and  tlie  Etei'triail  Muvhiuf,  which  yield  electricity  of  the  g^atest  teoaioa, 
i  e.  accumulated  in  the  greatest  quantity  on  a  given  surface. 

H.  Developmeiit  of  Electricity  by  Chemical  Changes  in 
Ponderable  Bodies :  Chemical  Electricity. 


a.  By    Chemical   Combination, 

During  the  combination  of  two  eubstancos,  a  very  small  ouantitj  of 
oleclrirify  often  shows  itficlf  in  them.  In  oxygen  which  conuMBea  with 
ctmibiiHttblL"  bodicH,  and  in  acids  which  combine  with  RaliSable  bases,  tho 
electricity  is  pfjsitive ;  in  combustible  bodies  and  salifiable  bases  it  ia 
negative. 

[Oxygen  contains  positive  electricity  in  a  state  of  combination,  com- 
bnslilile  limlitNs  tipgjitive  elt'Ctricity.  When  those  ponderable  liodics  cnm- 
bitif,  tlu'ir  (>ji(K)sit<,'  electricities  also  come  together  in  tlie  form  of  fire  ;  but 
Diider  oi'i'taiti  ciccumstancos,  a  very  email  quantity  of  them  apfiears  to 
reniain  uncduibintMi,  so  that  a  trace  of  positive  electricity  shows  itself  on 
the  Bide  of  the  oxygen,  and  a  trace  of  negative  electricity  on  the  side  of 
the  cunibu8tiblc  bndy.  This  is  also  Pouillet's  view,  as  far  as  combiasttutui 
are  eom-erm-d.     Similariy,  with  acids  and  salifiable  bases.] 

To  render  this  feeble  electricity  sensible,  one  of  the  bodies  mnst  be 
placed  in  connection  with  the  upp<T  plate  of  the  condenser  of  a  Btdmen- 
berger's  i'loctroscojn?,  and  the  uther  with  the  ground  ;  or  else  the  two 
boilles  must  be  respectively  connected  with  the  two  ends  of  the  galrano' 
meter. 

\\'hen  coals  are  burnt  in  the  air,  negative  electricity  aocomiilatee  in 
the  vessel  in  which  the  cimibustion  takes  place.  (Ltsvoisier  &  Laplaoe.) 
An  instdated  stove  in  which  a  strong  coal  tire  is  burning,  becomes  n^pi- 
tivc ;  the  electricity  ia  strongest  at  each  addition  of  fuel.  (WiDiama,  ^iS. 
Mag.  J.  18,  93.) 

If  u  C3'liuder  of  charcoal,  burning  only  at  the  upper  end,  be  placed 
on  the  cover  of  the  c<>n<leii(»er,  negative  electridty  soon  accimialatre  in 
the  condenser ;  to  a  still  j^n-uter  degree  when  the  combustion  is  fed  with 
oxygen  gus.  If  th*-  burning  cylinder  bo  connected  with  the  groond,  a«id 
a  metal  plsto  comiuuuiuuting  with  the  oovcr  of  the  coodenaer  be  held 


ELECTRICITY  BY  CHEMICAL  COMBINATION-  329 

over  it  at  the  distance  of  a  few  inches  or  a  foot,;  the  condeiiscl*  will  become 
positively  electrical.  If  the  charcoal  cjliiiJer  buruinf^  at  one  end  l>c  laid 
horizontally,  or  if  it  be  placed  upright  and  made  to  biini  at  the  side  instead 
of  on  the  to^s  "O  electricity  will  be  perccptilile,  because  the  Ufigative  elec- 
tricity of  the  charcoal  wLU  be  neutralized  by  tlie  positive  electricity  of  the 
Burroniiding  air.     (Pouillet.) 

When  hydrogen  gas  issuing  from  a  metal  tube  is  sot  on  fire,  the  cover 
of  a  condenser  connected  with  the  tube  becomes  negative.  If  the  tube  be 
connected  with  the  ground  aud  a  metal  plate  Jield  at  some  httle  distance 
above  the  llame,  the  plate  conveys  positive  electricity  to  the  plate  of  the 
condenser.  When  the  liydrogcn  issues  from  u  glass  tube,  negative  elec- 
tricity is  obtained  by  introducing  into  the  middle  of  tlie  flame  a  narrow 
coil  of  plathium  wire  counected  with  the  condenser;  but  if  the  coil  be 
wide  enrnigh  to  surround  the  flame  witlKnit  touchhig  it  in  any  part,  the 
electricity  will  be  jKisitive.  A  metal  jilate  licld  over  tlie  flame  di>es  not 
becoitic  electrical  when  the  gas  i«  hurned  from  a  glass  tube, — Iwcuuse  the 
glass  insulates,  and  consequently,  the  two  electricities  neutralize  one 
another  witliui  the  flame.  The  flame  of  alcohol,  ether,  oih  tallow,  or 
wax,  exhibits  the  same  effects  as  Uiat  of  hydrngcu  gas.  (Poiiillet.)  In 
the  combustion  of  alcohol  in  the  lamp  without  flame,  negative  electricity 
also  accumulates  in  the  spiral  wire,  and  positive  electricity  ia  tho  Bur- 
rouriding  air.     (Becqnerel.) 

Pfaff  (Pofjij.  51,  110)  regards  these  statements  as  erroneous,  and 
asserts  that  not  a  trace  of  elec^tricity  is  ai>fiarent  in  tho  combustion  of 
hydrngen  gas,  f»hosphoni8,  sulplmr,  zinc,  alcohol,  rtr  t;tber ;  ordy  in  the 
coinbustiou  of  charcoal  is  there  an  indication  of  negative  electricity;  but 
as  no  |x»sittvo  electricity  can  bo  detected  in  the  axrbonic  acid  wliich  rises 
from  it,  he  regards  the  phenomenon  as  proceeding  from  (licrmo-clectricity, 

A  thin  copr)er  tube  through  which  a  dry  mixture  of  chlorine  gas  and 
air  is  jKissed  Iwcomes  negative  ;  the  gas  subsequently  transmitted  tlirough 
a  platinuin  tube  renders  it  positive. 

On  connecting  the  ends  of  tho  galvanometer  with  two  iron  wires,  a  and 
i,  inserting  a  into  u  piece  of  charcoal,  then  heating  to  redness  both  the 
charcoal  with  the  end  of  the  wire  a  enclosed  in  it,  and  also  the  extremity 
of  the  wire  &,  and  connecting  the  latter  with  the  charcoal,  a  strong 
current  wifl  pass  from  the  wire  b  through  the  galvanometer  to  the  wire 
a ;  hence,  in  this  case,  the  carlKjn  acts  the  part  of  oxygen  [i,  c.  in  its 
combination  with  the  iron  of  a,  positive  electricity  is  set  free  in  it,  and 
negative  electricity  iik  the  iron].  (Becquerel.) 

F(»r  the  investigation  of  the  development  of  electricity  in  the  combi- 
nation of  two  Hquidrt,  or  of  a  liquid  and  a  solid,  tho  pieces  of  ai)paratu8 
represented  in  Plate  IV  are  useful. 

App.  1.  A  platinum  spoon  containing  a  hquid  is  connected  with  one 
end  of  the  galvanometer.  With  the  other  end  is  connected  a  jKiir  of 
platinum  forceps,  hi  which  a  sohd  body  can  be  fastened  so  as  to  dip  into 
the  h«[uid. 

App.  2.  Two  cups  or  beakers  a,  J,  into  which  are  plunged  tHe 
jilatinum  term'mations  of  the  galvanometer,  contain  two  differiiiit  liquids 
which  are  connected  with  one  another,  either  by  a  tnuich  of  asbestos  or 
cottrm- threads,  or  l)v  means  of  a  siphon,  filled,  sometimes  with  one  of  the 
Uquids,  sometimes  with  a  liquid  dilTerent  from  Ixjtli. 

App.  3.  A  beaker  glass  is  cut  iti  halves  m  a  vertical  direction,  and 
after  a  sheet  of  bibulous  pa]}er  has  lieen  inserted  into  it,  bnuiid  tightly 
together  agam.    luto  the  two  divisions  foimed  by  the  paper  partition  two 
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Acida  ivhh  Salts.  Positive  electricity  goes  from  phosphoric  acid, 
through  the  palvaiiomoter,  to  solutions  of  aU  salts  ;  from  nitric  acid  to 
Boliitions  of  sulfiliates,  chlorides,  and  nitrat*^  (Bec«^ucn;!l) : — from  nitric 
Bcid  to  Bolutiou  of  nitre.  (H.  Davy.) — Positive  electricity  goes  from 
sulphuric  acid,  through  tlie  galvanometer,  to  the  sulphates  of  potash, 
copper,  and  red  oxide  of  mercury ;  from  hydrochloric  acid  to  chloride  of 
potasstum,  sodium,  bariam,  or  calcium,  and  from  nitric  acid  to  nitre : 
always  therefore  from  the  acid  through  the  galvanometer  to  the  salts  of 
the  same  acid;  p<»sitivc  electricity  also  goes  from  hydrochloric  acid 
through  the  galvaaonietcr  to  sulphate  of  magnesia  or  nitre.  (Nobili.) 
— The  current  goes  from  dilute  8ul|)huric  acid  through  the  galvanomrtcr 
to  sulphate  of  zinc  or  copper,  and  from  concentrate  dnitric  acid  to  8ul[>hate 
or  nitrate  of  copper.  On  the  contrary,  from  chloride  of  mercury  to  oil  of 
vitriol,  from  nitrate  or  silver  to  acetic  acid,  and  from  chloride  of  gold  to 
hydrochloric  acid.  (App.  2  or  7.)     Walcker. 

Addi  tn'tk  SiililiaiU  Bmes.  Positive  electricity  goes  from  diluto 
sulphuric,  hydrochloric,  or  nitric  acid,  contained  in  the  platinum  spoon, 
{App.  1)  through  the  galvanometer,  to  moistened  hydrate  of  potash  in  tho 
forceps.  Similarly,  from  dilute  acids  to  aoueous  sohitinn  of  pc^tftsh  (App. 
2,  with  asbestos.)  Bccquercl. — Wakker  'also  obtained  a  strong  current 
from  the  acid  f but  probably  through  tlie  galvan<*metcr  ?)  to  the  jHitash. 
Faniday,  on  tlie  other  hand,  obtained  no  current  with  diluto  sulphiuio 
acid  and  aqueous  st^Iutiou  of  potash  (App.  3);  Mnhr  also  obtained  with 
dilute  sulfduiric  or  hydrochloric  iicid,  on  the  one  side,  and  aqueous  solutioti 
of  fX'tash  or  ammonia  on  the  otht  r,  cither  no  current  at  all,  or  merely  a 
slight  disturbance  tif  the  needle  at  the  conuiicnci'ment  of  the  action  f 
when-as,  lie  found  that  from  citticent rated  or  tJilute  nitric  acid,  p<i8itivo 
electricity  goes  thnuigh  the  gulvaiiometer  to  the  jiotash. 

From  sulphuric  or  nitric  acid,  ponitive  electricity  goc^s  through  the 
galvanometer  to  aqueous  solution  of  ammonia  (Nnbili) ;  from  dilute  sul- 
phuric acid  to  aqueous  ammonia,  soda,  or  baryta,  (App.  2  or  7)  Wahker; 
from  sulphuric,  iiydrochli)ricT  or  nitric  acid,  through  the  gjilvanometer. 
to  solid  hme ;  but,  on  the  contrarj'^,  from  lime-water  through  the  gal- 
vanometer to  the  ficid.  It  sJso  goes  from  solid  lime  through  the  gal- 
vanometer to  a<nieous  solution  of  arsenic,  oxalic,  or  tartaric  acid,  and 
from  aqueous  ammonia  to  cixalic  acid.  (Nobili.) 

If  hydmted  plio»phoric  Jicid  be  fused  in  one  arm  of  the  U-tnbc, 
{App.  5)  and  hydrate  of  potash  or  oxide  of  lead  in  the  other,  positive 
electricity  gotjs  from  the  acid  through  the  galvanometer  to  the  base  (espe- 
cially with  jKttash)  in  suflicientquuntitv  to  produce  a  slight  decompiiHition 
of  icwlide  of  pota-ssiuni.  (Dulk  ifc  Moser,  Pogff.  42,  91.) — From  nitric 
acid,  positive  electricity  goes  through  the  galvanometer  to  oxide  of  lead. 
(Faraday.) 

SaftJi  with  Water.  When  siilithate  of  soda  or  chloride  of  barium  is 
dissolved  in  water,  a  feeble  jiositivo  current  goes  from  the  water  through 
the  galvanomeU^r  to  the  salt,  (IJecquerel.)  Frntn  a  solution  <>f  intmto  of 
silver  in  12  times  its  weight  of  water  positive  electricity  goes  through  tlfc 
galvanometer  to  pure  water.     (Fechner.) 

Concentrated  tpith  dilute  saline  solutions.  Positive  electricity  goes  from 
a  concentrated  solution  of  common  salt  or  nitre,  through  the  galvanometer, 
to  fi  dilute  Bohvtifui  of  the  same.  {App,  2)  Bevf/mrel ;  also  from  thiute  to 
concentrated  solution  of  Uver  of  suJphnr,  through  the  galvanometer, 
(Faraday.) — If  two  platinum  sjiatulas,  one  cold  and  the  other  red-hot,  be 
dipped  into  the  same  solution  of  1  part  of  common  salt  in  10  x»art8  of 
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water,  (iosilive  dectrictty  will  pass  from  the  latter^  throagfa'  (he  galrano- 
meter,  to  the  fonner :  becaaae  a  ooooeatrated  solotion  ia  fonned  oo  the 
surface  of  the  btter  by  er&porBtioD  of  the  water.  With  a  spatida  heated 
only  to  60°,  the  direction  of  the  cturent  is  the  reverse  of  that  jiust  OMiO- 
tiooed  [poflgibiy  from  tbcnno-electnc  action].  A  current  like  the  last  M 
produced  in  solutions  of  Glauber's  salt  of  aU  strengthfi,  with  a  platimui 
^satula  heated  cither  to  60°  or  to  redoeae.    (Waldcer.) 

Salte  amd  MetaUic  Chlorida  mU  SalU  and  MeUdhe  Chhrida.     With 
aqueous  solutions  of  the  following  substances  (App.  2)  positive  electricity 
goes  from  the  first  mentioned,  throngh  the  galvanometer,  to  the  last  meti- 
tioned :  From  chloride  of  pritassiimi  or  cUoride  of  mercury  to  fenrocyanid^^^ 
of  potac»iaio;  from  a>nceutrated  solation  of  sulphate  of  uluniina  to  8ttl|ihfl|^^| 
of  potash  ;  from  chloride  of  zinc  to  ciTmmon  saJt ;  from  pcrchloride  of  icd^l 
to  chloride  of  potassium ;  from  nitrate  of  copper  or  nitrate  of  silver  to  ni- 
trate of  potash ;  fnjm  chloride  of  gold  to  cliloride  of  potassium,  sodiom.  or 
sdnc,  or  perchloridc  of  iron  ;  and  from  chloride  of  platinum  to  chloride  of 
ammonium,  potassium,  or  sodium.  (Walckcr,)— From  nitrate  of  copper, 
yiositive  ok-ctricity  goes  in  considerable  quantity  through  the  galvano- 
meter to  sulphate  of  zinc.  (Berzclios.)— Chloride  of  lead,  protochloride  of 
mercury,  or  chloride  of  silver,  fused  in  one  arm  of  tlie  U-tube  (App.  6) 
sends  a  small  quantity  of  positive  electricity  through  the  galvanometer  to 
chloride  of  p<jta8.sium  fused  in  the  other  arm.     (Dulk  &  Moser.) 

SuUjiabU  bases  ui'th  Water.  Brom  hydrate  of  p<^)ta8h  or  soda,  as  also 
from  aqueous  solution  of  potash  or  soda,  positive  electricity  goes  through 
the  galvanometer  to  water.  {Becqverel,  who  formerly  obtained  the  con- 
trary result ;  Fechner) ;  also,  from  aqueous  solution  of  potash  to  water,  and 
from  concentrated  to  dilute  solutions  of  ammonia,  potash,  or  soda. 
(Walckcr.)    [Tliis  seems  more  in  accordance  with  the  hypothesis.] 

Salifiable  baees  with  Salts.  From  solution  of  nitre,  a  small  quantity 
positive  electricity  gfocs  through  the  galvanometer  to  solution  of  pot     _ 
(IL  Davy),  and  from  solution  of  chloride  of  barium,  through  tho  gslra- 
nometer,  to  ammonia.     (Walckcr.) 

Salifiable  bases  icith  mlifixtble  Bases.  Hydrate  of  alumina,  oxido  of  sinOi 
or  oxide  of  lead  frtrshly  |>rectpitated  by  potash,  held  in  the  foroepe  (4 
1)  and  dipped  into  the  liquid  in   the   Kjvxdi,  sends  p^isitive  clcctri 
through  the  galvanometer  to  solution  of  ammonia, jn  ttash,  or  soda, 
thus  ju^'ts  the  part  of  a  dilute  acid.  (Becquerel.)— F rom  fused  oxide  <»f 
antimiuiy  (not  from  oxide  of  bismuth),  pi.sitivc  electricity  goes  through 
the  galvanometer  to  fused  oxide  of  lead.     (.4/);?.  ."i ;  Dulk  &  Moser.) 

Metals  With  Afetals.  On  dipping  zinc,  tin,  nr  lead  into  mercury,  po«» 
live  electricity  goes  from  the  mercury,  through  the  galvanometer,  to  tho 
other  metal,  in  cmsoquence  of  the  combination  of  the  metals.  (Dulk  A 
MoHor,  Poy^j.  42,  III.) — On  dijjpiiig  the  platinum  ends  of  the  galvanometer^ 
into  the  two  arms  of  tho  U-tube  lilled  with  melted  tin,  allowing  the  tin 
to  cool,  and  then  heating  only  one  ann,  a  thermo-electric  current  beoomaa 
manifest ;  but  this  current  d<K'S  not  increase  when  the  arm  of  the  titbo  St 
heated  to  tho  tonifierature  at  which  the  ]>latinum  aimbines  with  the  tiil» 
producing  a  kind  of  combustion.     (Faraday.) 

Sir  II.  Davy  lays  down  the  following  scries  of  liquids,  each  of  whi<^ 
sends  positivu  electricity  through  the  galvanometer  to  those  which  folk 
it :    Nitric,  hyponitric,  sulphuri(%   and   iihns|)horic  arid,  v«'getalile   r  ' 
h^'  '•  a<.'id,  liydroHulf)huric  atrid,  potash,  soila,  baryta,  ammnnii 

nta  with  t/tire  %ui(&.     For  these  ex|.ierinieiits,  App.  2  is  ap- 

;ithk,  vvhcu  Uie  bundle  of  asbestos  threads  ooutaius  a  liquid  difforoni 


ELECTRICITY  QT  CnEJlICAL  COMBINATION. 

from  thnsc  in  the  tiro  vosecls ;  and  App.  9,  wlien  the  three  vesBcls  and  the 
Biphon  or  threaJs  are  filled  witli  different  litjiiids. 

If  a  (App.  9)  cuntaiiiB  nitric  arid,  c  sfida,  iind  h  nitric  acid,  c  Ijcing 
comii'ctfd  witli  h  by  a  Biphon  filled  with  iiiliv,  and  a  ivitli  //  hy  a  biuidle 
of  utslx'stijs,  pitfiitive  electricity  gncH  fnirti  n  tliri>u<,'-li  the  g-alvanonietcr  to 
b,  and  is  more  than  doubled  in  (]imiitity  wln-n  hydrate  of  soda  is  placed 
upon  the  aabestoH.  A  similar  result  jb  obtained  wlien  hydrochliric  or 
Bulphuric  acid  is  nsed  instoiid  of  nitric  acid;  and  c^miiiKin  wait  instead  of 
nitre.  (Bcequerel.)  [The  current  excited  by  the  acid  between  a  and  c, 
the  direction  of  which  is  from  a  to  the  fjjalvanometer,  is  not  completely 
neutralized  by  the  two  opjMisite  currents  produced  liy  the  action  of  the 
acid  in  c  on  the  Haline  solution  in  r,  and  of  the  latter  on  tlie  soda  in  c] 

If  (t  (App.  2)  contains  nitric  atiid,  b  concentrated  Boluticm  of  potash, 
and  the  cottnn-wick.  A,  8oIuti«ni  of  Glaid)er's  salt,  about  twice  as  much 
positive  electricity  goes  from  the  acid  throu^di  the  galvanometer  to  the 
jK>t4V8h,  as  wf»uld  he  set  in  motion,  if  a  cont^iined  nitric  acid,  and  b  and  h 
Glauber's  salt,— or  a  and  A  (ilauber'ssatt,  and  h  potash,  [In  the  first  case, 
the  two  currents  produced  by  the  acid  acting' on  tlie  (ilanbei-'s  salt,  and  tliis 
on  the  alkali,  assist  each  other ;  in  the  other  two,  one  only  of  these  curreuta 
is  produced.]  If  the  first  exjx^rimeut  lasts  some  time,  and  the  threads 
h  are  not  above  three  inches  lon|!:,  the  deflection  of  the  needle  increases 
suddenly  from  5°  to  20%  when  the  acid  cornea  into  immediate  contact 
with  the  potash.  The  acid  and  alkali  crtme  most  quickly  into  contact  in 
the  wick  wlion  the  latter  contains  the  salt  which  is  pniduced  by  the  com- 
bination of  tht!  two,  e.  I'/,,  nitre  in  the  case  of  nitric  acid  and  potash,  and 
Cilauber's  salt  in  that  of  Bulplmric  acid  and  soda;  if,  on  the  other  hand, 
the  wick  contaiuH  pure  water,  the  infill  nitiuii  takes  place  very  slowly:  no 
deflection  is  produced  at  firetjbut  aftei-about  twelve  minutes,  a  strong;  deflec- 
tion of  20°.  WJien  the  wick  is  six  inches  long,  no  increase  of  the  current 
takes  |ilace,  even  if  it  contains  a  saline  solution  ;  on  the  contrary,  the  cur- 
rent Ijecomes  gradually  M-eaker;  because,  after  a  time,  no  more  clienucal 
combination  takes  place  in  the  wick.  The  deflections  of  the  ikhhIIc  pro- 
duced at  the  commencement  of  the  action  are  as  follows, — it  being  observed 
that  the  th-Ht-named  suhHtance  is  placed  in  the  vessel  «,  the  second  iu  the 
wick  A,  and  the  last  in  the  vessel  i, — ami  that  in  each  cas<>  the  jKtsitive 
electricity  goes  from  the  first  substiincc,  tli rough  the  galvanometer,  to  the 
last  named: — Witli  nitric  acid,  (ilanlwr's  salt  and  [Mita,sh,  5°; — nitric  acid, 
Glauber's  salt,  tilauhcr'e  salt,  3°  ; — Glauber's  salt,  (Jlauber's  salt,  potash, 
3"; — nitric  acid,  nitre,  jiotash,  4°; — nitric  acid,  nitre,  nitre,  2"; — nitre, 
nitre,  [jotash,  2"';  a  mixture  of  2  nieasures  of  oil  of  vitriol  with  1  niea- 
Burc  of  water,  Glauber's  salt,  soda,  5^;— the  same  mixture,  Glauber'a 
salt,  Glauber's  salt,  3°; — GlauJicr's  salt,  (ilanber's  salt,  soib,  2" ; — mix- 
ture of  2  measures  of  oil  of  vitriol  and  1  water,  nitre,  soda,  12";  — the 
same  mixture,  nitre,  nitre,  5°; — nitre,  nitre,  soda  3°; — the  same  mixtui-o 
of  oil  of  vitriol  and  water,  sal-auunoniiie.  soda,  l(!°j — the  same  mixture, 
Bnl-ammoiiiae,  sal-aiuinoniae,  6°; — siil-ainnioniac,  sal-ammoniac,  soda,  6°. 
(De  la  Rive.) 

If  the  vessela  a,  b,  (App.  9}  are  filled  with  solution  of  nitre,  and  the 
wicka  gy  i',  saturated  witn  it — the  A'essel  c  containing  nitric  acid,  and  a 
piece  of  hydrate  of  potash  being  placed  upon  the  wick  i  at  x,  where  it 
dips  into  the  nitric  acid — a  current  is  set  ujj  from  the  nitric  acid  thrcmgh 
the  galvanometer  to  the  hj'drateof  potash,  much  stiTuiger  than  that  which 
is  produced  by  the  use  of  a([ueous  solution  of  pt»tash, — lieauise  thefomier 
bccomcB  more  heated  by  conibimug  with  the  iiitiic  acid  j — and,  geupfally 
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epeaking,  tlie  current  goea  constantly*  from  the  colder  body  to  that  which 
is  most  heated  duiinK  the  combiuation :  moreover,  the  phenomenon  ia 
thermo-electric  [?].     (Nobili.) 

Fcchner,  proccTdinp  upi^n  the  con  tact -theory — according'  to  which, 
metals  excite  an  electric  current,  even  in  liquids  which  do  not  act  che- 
mically ujjon  them — endeavoured  to  get  rid  of  the  effect  which,  according 
to  this  view,  might  ho  expected  to  arise  from  dipping  the  platinum  ter- 
nunations  of  the  galvanometer  into  two  different  litjuidK,  by  immcrBiag 
these  i)la(itium  terminationB  in  two  cups,  a,  b,  {App.  10)  containing  the  eame 
liquid — plucing  the  two  litjuids  whose  mutual  action  was  to  be  invvstj- 
gated,  ill  two  other  cui>b,  a,  /3,  and  connecting  the  four  cups  by  threo 
Kipbin-tubea.  The  nii^hons  /7,  i',  contained  the  same  lif[uid  as  the  cups  n.  6; 
the  siphon  h  cither  the  liquid  in  a  or  that  in  fi.  [By  this  arrangeinent,^^B 
comjtUcated  action  is  always  obtained:  not  only  Im  a  current  pniduadHH 
by  the  iiuitual  artiun  of  the  li(|uida  ui  n  and  ^,  but  likewise  by  that  of 
the  liijuiil  in  «  ui>i>n  tljat  in  n^  and  of  the  liquid  in  h  on  that  in  fi ;  and 
the  direction  and  Htrengtli  of  the  cun'cnt  is  the  resultant  of  the  sum  or 
cUfferoncc  itf  these  tlin-e  actions.]  The  following  are  sornc  of  the  numcmof 
rcBults  obtained  in  this  manner : — the  Uquid  in  the  cup  a  m  always  that 
from  which  positive  electricity  passes  tlirough  the  galvanometer  to  the 
cup  fl, 

Cilaulwr's  Fait  in  a,  h,  sulphuric  acid  in  a,  potash  in  /9. — Camnwii 
Bait  in  o,  A,  potash  in  o,  hydiochloric  acid  in  ^. —  Spring  water  or  nitric 
acid  in  n,  h,  nitric  acid  m  a,  potash  in  /*. — Nitre  in  a,  A,  potash  in  a,  sal* 
phuric  acid  in  /*; — Nitre  in  a,  i,  Bul])huric  acid  in  a,  nitric  acid  in  /3. 

In  the  following  ex{)eriment8  of  Fechner,  the  three  liquids, — solntioQof 
potash,  nitric  acid,  and  solution  of  nitre, — were  distributed  in  varioos 
ways  among  the  4  cups,  and  the  followii»g  detiectiona  wore  obtained. 

1.  Nitre  in  o,  6,  nitric  acid  in  o,  jMitash  in  ^;  p«>sitive  electridtr 
goes  from  a  through  the  galvanometer  to  t,  deflecting  tlie  needle  40  . 
[The  princijttd  euiit>nt  is  excited  by  the  action  of  the  nitric  acid  on  the 
potash  ;  but  the  two  more  feeble  cuiTents  ]>rofluccd  by  the  action  of  nitric 
ucid  on  nitre  and  potajsh  on  nitre,  take  the  tUrection  opposite  to  Uiat  of 
the  first  an<l  weaken  it.] 

2.  Potash  in  o,  K   nitric  add  in  a,   nitre  in  /S;  positive  dectridty 
px's  from  b  through  the  galvanometer  to  o;  deflection  83°.     [In  thu 
cxvm  also  the  principal  i-urrent  pHnlia'^^d  by  nitric  acid  and  f>otaRh  uetweon 
a  and  a,  which,  aix'ording  to  the  arrungi'ment,  must  take  the  opp 
diri-ction  to  that  in  1,  is  weakened  by  the  two  cun-ents  produced  by  uii 
acid  and  nilre,  and  by  (Kttnsh  and  nitre,  in  the  same  degree  aa  in 
hence  the  delKH'tion  is  neariy  the  sann*.] 

8.  Nitric  acid  in  «,  6,  i)ota«h  in  o,  nitre  in  /9 ;  positive  chv^fi 
from  a  throngli  the  gulvanometer  to  b:  deflection  48°.     [Here   > 
two  feebler  currents  weaken  the  principal  cnrrent :  hence  the 
is  alH>ut  the  same.J 

4.  Nitric  acid  m  o,  potash  in  ft,  nitre  in  o  and  fi ;  positive  electricity 
gooB  from  a  through  the  galvanometer  to  6,  producing  a  deflc<:tiun  ol 
140",  which  lasts  much  longer  than  in  the  former  cases.  (In  tiiia  caaOy 
poflitive  electricity  goes  from  the  nitric  acid  througli  the  galvaaomcler  to 
the  nitr«>,  and  hkewist-  from  the  nitre  through  the  gtlvanoaifrtcT  to  the 
twjtash  ;  the  united  action  (kf  thesi'  two  feebler  currents  prodaoes  •  ilori»- 
ti<in  gn^ter  than  that  which  results  from  the  action  of  a  principal  coi^ 
l>cnt  weakened  by  two  feebler  current^.] 

5.  Nitrio  acid  in  a,  nitre  in  fr,  potash  in  a  and  /9i  podtiva  eWolxkilgr 
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poes  from  a  thrnujsfh  the  galvanometer  to  b;  deviation  164°.  [The  prin- 
cipal cuiTcnt  produced  by  tlic  action  of  the  acid  on  the  p<"»tash  is  opposed 
only  liy  the  feebler  current  reftulting  from  the  mutual  action  of  [>olu8h 
and  nitre.] 

6.  Fi^tash  in  rt,  nitre  in  h,  nitric  acid  innand^;  ftositivc  cleclricity 
poes  from  b  through  the  galvanometer  to  the  potash,  [trodiicing^  a  devia- 
tion of  H58''.  [Ilere  again  the  principal  current  produced  by  the  action 
of  potash  and  nitric  acid  is  counteracted  only  by  the  feebler  current 
resulting  from  nitric  acid  and  uitrc.J 

BecquereFs  Oxiff/eti-circuit.  A  glass  tube  (Ajip.  11)  is  cloaed  at  its 
lower  extremity  with  clay  moietened  with  a  concentrated  Bolution  of 
jKftash  ;  the  tube  is  then  filled  with  strong  pota.sh-Bolutioii  and  its  lower 
part  dip[icd  into  a  vcBsel  hlled  with  strong  nitric  acid.  If  !iow  the  pla- 
timuii  ends  of  the  galvanometer  bo  immenjed  in  the  two  HquidR,  a  large 
fiuantity  itf  oxygen  ga.s  will  l>c  developed  on  the  surface  of  the  |i!atinura 
in  the  |iotaflh  (it  may  Ix;  most  conveuietitly  collected  by  having  the  pla- 
tinum wire  which  dips  intn  the  potash  eernentid  into  a  glaBs  tube  o[»ca 
at  the  bottom,  this  tube  being  afterwards  filled  with  potash  and  inverted), 
and  nitmiia  acid  will  ac(;umulate  in  thii  nitric  acid,  colmiring  it  first 
green  and  then  blue :  at  the  same  time,  positive  electricity  wilt  jiass  from 
the  acid  throvigh  the  galvanometer  to  the  ptitash.  The  action  continues 
f»ir  sevcnd  dayw.  liut  the  electric  current  is  very  feeble  in  comparison 
■with  the  copinus  ovcdution  of  gas;  it  is  sufficient  indeed  to  sepanite 
cctpfier,  when  passed  through  a  sohition  of  bhie  vitriol,  but  not  to  heat 
line  platinum  wire.  (liecquerel.)  Jacobi  lifcewiBe  obtained  a  large  quan- 
tity of  o.xygen  gas,  and  at  the  same  time  an  electric  current  which  dc- 
comj-K)sed  iodide  of  potassium,  but  not  sulphate  of  co2>]>er. — Moser  &. 
I)ulk  {Po(f(f.  42,  91)  why  obtained  a  remarkably  large  quantity  of  oxygen 
giw,  found,  contraiy  to  IJecquerers  statement,  that  the  electric  current 
thnu  excited  produc4_"d  cold  as  well  as  heat  in  Peltier's  apjiaratus, — Mohr 
obtained  no  oxygen  gas  with  this  apparatus,  and  Pfaff  only  a  few  bubblefl 
in  several  hom-s.  These  negative  results,  possibly  arising  from  diflfer- 
enc^s  of  manipulation  ut  in  the  materials  employed,  cannot  be  considered 
of  cfpial  weight  with  the  often  verified  statement  of  liecijuerel, — however 
eiiigmaticul  it  may  ap|iear  that  a  chemical  actiun  accompanied  by  so 
co|HuUfl  an  evolutinn  of  oxygen  gas,  should  f»rodure  a  current  so  feelde  in 
comjtarisiin.  It  may  jwrhapH  Ije  su8|X'ct(Hl  that  if  tlie  clay  lie  moiKtened 
with  a  flohition  of  conimon  salt  or  of  jxttawh  containing  chloride  of  potas- 
sium,— nitrous  fwid  and  chiurine,  together  with  a  salt  of  nitric  aci«i,  mav 
be  produced  by  the  action  of  the  nitric  acid  on  the  chloridr,  of  sodium  or 
]K>taHsium, — the  nitrous  acid  gtHug  over  to  the  nitric  acid,  while  the 
chlorine,  taking  the  opjiositc  direction,  converts  the  potash  into  chloride 
of  pitasaium  and  oxygen  gas.  1  have  however  satisfied  myself  tiiat,  even 
when  the  nitric  acid  and  jiotash  are  p<Tfectly  fi'ee  from  chloilne,  oxygen 
gas  (ca]»abie  of  igniting  a  glowing  sh]*  of  wood  and  condenBing^  with 
nitric  oxide  gas)  i.s  abntidantiy  dcvrh>]>f(h 

If  the  nitric  acid  in  ft-cquerel'a  apparatus  be  rei>liiced  by  a  mixture 
of  2  parts  oil  of  vitriol  and  1  part  water,  only  a  small  quantity  of  oxygen 
gaa  is  evolved  on  th«!  platinum  immersed  in  the  potash,  and  a  Uttio 
hydrogen  on  the  platinum  in  t!ie  acid, — an  electrical  current  iM-ing  also 
|MX>duced  in  the  same  direction,  capable  of  dcconifxishig,  not  onlv  iodido 
of  potaasinm,  but  also  sulphate  of  copper.  (Beo][uerel.)  Mohr  obtained 
with  the  same  arrangement  neither  gas  nor  electric  current.  I  luive 
also  tried  the  cxpcriuicut  with  the  same  clay  aud  potash  that  were  ofied 
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in  the  succcfisful  experiment  witli  nitric  acid,  somotimeB  tising  conoentratctl 
Buljihuric  acid  alone,  Bomctimes  diluted  with  nnc-ttalf  water, — but  I  never 
obtained  a.  trace  of  gus.     Did  liecqiiercrs  oil  of  %ilriol  contain  nitric  acid? 

Th»'  exist riirc*  of  tleciric  cuireiilii  in  the  itnhind  bodfi  aplX'ars  to  be 
coiints'teii  witli  the  dovelopment  of  (.'tfctrieity  in  the  coniliination  of  acids 
and  alkalis.  TLe  cjtt«rnal  skin  is  acid,  tlio  mucous  membrane  of  the 
aliiiH'utuiy  canul  (witli  the  cxct'ption  of  the  Ktomach)  alkalim? ;  tlic  stomacb 
IB  strongly  acid,  the  liver  alkaline.  Ou  placing  one  platinum  termina- 
tion of  the  galvanomottT  on  the  nkin,  and  the  other  in  the  mtiuth,  positive 
electricity  goes  from  the  skin  through  the  galvanometer  into  the  mouth. 
If  one  end  of  the  galvanometer  touches  the  mucous  membrane  of  the 
stonmdi  of  an  aniniai,  the  r»ther  the  gall-bladder  or  the  inside  of  the  liver, 
a  dctlection  of  the  needle  i«  ]troduccdj  twice  as  gT^at  as  in  the  prec<Kiing 
experinieut, — continuing  after  the  death  uf  the  animal,  and  only  diminish- 
ing a  little  hccauae  the  fluids  arc  no  longer  renewed.  Even  when  the 
Btomacli  and  liver  are  taken  out  of  the  animal,  the  same  action  is  pro- 
duced. Similar  currents  are  uIko  excited  between  stomach  and  BjJeen  or 
urinary  Madder,  an(l  l>ctween  bladder  and  intestines;  on  the  contrary,  no 
currents  are  proiluced  between  the  two  kidne^^B,  between  two  pieces  of  the 
email  intestines,  or  between  the  liver  on  tlie  one  side,  and  the  jjancreafi, 
8[ileei\,  or  intestines  on  tfic  other.  (Donne,  Ann.  C'kim.  P/it/g.  57,  405.)* 

Similar  ciu-rents  are  also  excited  in  plants.  If  one  extremity  of  the  gal- 
vanometer be  inserted  into  the  stalk  of  an  apple  or  pear,  the  other  into  tlie 
opposite  end  of  the  axis,  positive  electricity  jtasses  from  the  latter  through 
tlie  galvanometer  to  the  stalk.  In  peaches  and  apricots,  the  electric 
current  takes  the  contrary'  direction:  but  no  current  is  excited  when  tlie 
ends  of  the  galvanometer  are  inserted  uitu  the  fruit  at  right  angles  to  its 
axis.  If  a  fruit  be  ctit  into  two  parts  per]K'n<UcuIarly  to  its  axis,  the 
juice  preissed  out  of  each  of  them,  and  placed  in  two  cujis  connect<.»d  by 
a  wet  strip  of  papi-r  (App.  2),  an  electric  current  will  be  developed  ux  the 
same  directiim ;  but  if  the  fruit  be  split  in  the  direction  of  its  axis,  tlie 
liquids  expressed  from  the  two  halves  produce  no  current.  The  current 
is  tlierefore  due  to  the  difference  of  chemical  comjMisition  ix'^twccn  the 
juice  in  the  neighbourhood  of  the  stalk,  and  that  at  the  other  end  of  the 
fruit,  although  both  are  acid. 

b.  lit/  Dfconipofiin'ons  effected  lii/  the  (njt'uctf  of  Heat  or  Light. 

Bodies,  at  the  mometit  of  separation  from  one  another,  take  up  the  kind 
of  electricity  opposite  to  that  whicli  they  exhibited  during  combination. 

[According  to  what  has  already  been  sjiitl  (pp.  32H.„.l;?(>),  it  must  bo 
supposed  that  when  water  comliines  with  aciils,  iiegJilive  electricity  from 
the  water  and  jMisitive  electricity  from  the  acid  combine  to  funu  heatj 
and  when  the  wat<'r  is  separate!*!  from  the  a<'id  by  evaporation,  it  must 
again  take  up  the  negative  electricity  which  it  has  lost,  while  the  acid 
must  recover  its  ixwitive  electricity.  This  is  cfTeeted  by  the  deconino- 
sition  of  part  of  the  heat  present,  the  elements  of  which  are  di\id«'d 
betwtHjn  the  water  and  the  acid,  it  ajifiears,  however,  that  very  siuaO 
quaotities  of  water  ancl  acid  get  se[>{irat<'ti  from  one  another  without 
having  time  to  recover  their  lost  electricity.  These  email  quantities  of 
separated  aqueous  va[iour  and  acid  then  ih'Com|K)se  other  p(irtu)ns  of  heat 
to  make  up  the  deficiency.  Thus,  the  water  takes  negative  eli«ctridly, 
and  sets  (tositive  electricity  free,  while  the  acid  takes  up  (tositive  elec- 
tricity ;  so  that  frw  negative  electricity  may  be  detected  in  the  ves«ol 

•  For  Ibc  more  recent  devolopmenla  of  tliia  sabjcct,  «c  Tmitt  dt  FEUctridU,  pat 
A.  D«  Ik  i^ivo,  I'kHs,  186S,  tome  iii,  pp.  1—88  ;  and  LrhrlttcA  tUr  Phytik  vnd  JUittar^ 
ologk,  Ton  Dr.  Joh.  MUllcr.     Unauscbitcig:.  libi.    Htl.  ti,  s.  410— i36. 
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In  the  separation  of  water  from  alkalis,  on  tbe  contrary,  wg  might  expect 
that  the  positive  electricity,  which  the  water  liad  lost  by  its  previous 
Ct>mbinatinn  with  the  alkuH,  would  bo  ug'airi  taken  up  by  the  aqueous 
vrt|>iMir,  aijil  that  the  alkali  would  uf^-aiii  take  ii[i  ne«!;ative  clee^tricity,  so 
that  |X)sitiv'e  electricity  would  he  set  free  in  tht*  vessel:  thi«,  howi-ver,  is 
at  variance  witli  tbe  Btutenieuts  of  Becqucrel  and  Fecliuer  (p.  332).  It  is 
remarkable  thut  all  salt.s,  even  those  whicli  are  very  alkaline,  like  car- 
bonate of  potaflh,  bijbave  in  titis  respect  like  acidis]. 

No  electricity  is   doveliip4*d  in   the  evaporation   of  pure  water,   not 
even  when  it  ia  dropt  into  a  red  hot  platinum  cnioible  iti  which  Leiden- 
frost's  phenomenon  is  produced,  followed  by  rapid  boiling'.     (Bccquerel; 
Schweigger,  Svht\  i-U  171;  Pouillct;  Peltier,)— Similarly  with  the  most 
[  hiffhly  concentrated   Ruljihuric  or   nitric  acid  and   |,Macial  acetic   acid. — 
When  the  water  contains  [wtaHli,  sodjt,  barj-ta,  stroiitia,  or  lime  in  solu- 
ition,  the  vesficl  conHtantly  becomcB  positive,  feebly  during  the  coiitinu- 
Iftnco    of   Leidenfrost'e    phenomenon,    Btroiifj^ly    during    the    subsequent 
I  boiling.    With  Bolutituic>f  amnmnia,  the  vcKsel  becomes  negative,  ItecauHC 
I  in    this   case   it    is  priueipally  the  anuiionia  which  evaporates,  while  the 
water  remains. — If  the  water  contains  only  ^^^  sulpliurie  aciti,  glacial 
acetic  acid,  or  any  other  acid  or  any  carbonate,  sulphate,  eliloride,  nitrate, 
or  acetate,  the  vessel  becomes  negative.     Hence,   tbe  electrieity  of  the 
atmospliere  may  ui  great  part  be  attributed  to  the  evafioraiion  of  sea- 
water,  and  other  kirulB  of  water  not  rjuite  purt^,  <jn  the  surface  of  ttie  earth, 
and  in  the  bodies  of  plants  and  animal'*. — When  pure  water  evii|Kjrates 
in  vessels  of  iron,  copjxjr,  or  silver  contahnng  copper,  the  vessd  becomes 
iiegjitivo  from  commencing  oxidation,  even  when  the  water  cfuitains  an 
alkali  in  aohition.     (Pouillet.) 

I'ellier  remarked  Jbut  in  the  evaporation  of  a  Bolution  of  conrmoQ 
Bait,  negative  electricity  was  perceptible  only  at  the  moment  wlieii  the 
remaining  salt  began  to  decrepitate, — an  effect  which  also  takes  place 
on  the  decrepitation  of  crystals  of  connnon  salt  thrown  into  a  red-hot 
platinum  crucible,  llcncc,  according  to  Peltier,  the  electricity  does 
not  become  apparent  till  the  last  portions  of  water  separate  from  tho 
Bait. 

Vapour  escaping  from  boilers  often  exhibits  positive,  and  the  boiler 
negative  electricity.  If  one  hand,  or  a  plate  of  metal,  or  a  bundle  of 
wires  with  nmnerous.  jioints,  Im  held  in  the  stream  of  vapeun,  and  tho 
other  brought  near  the  boiler,  a  spark  may  often  be  obtained  from  the 
latter.  The  higher  tho  presHuro,  the  stronger  is  tbe  electricity.  The 
cloud  of  steam  which  collects  under  the  rmtf  of  the  building  also  contains 
electricity.  If  the  boiler  lie  cleaned  from  the  incrustatioo,  chietly  con- 
sistiug  of  gypsum,  wbich  lines  it,  arid  fed  with  rain-water,  no  ehctricity 
•\v\i\  be  developed  :  with  spring-water,  the  electricity  will  not  be  apparent 
at  first — not  in  fact  till  a  sediment  has  Iseeii  fonued  j  and  as  this  increasca, 
the  c!eveIo|nncnt  of  electricity  will  increase  also.     (Armstrong.) 

By  cx|H.'riment8  made  with  a  boiler  of  gun-metal,  30  uichea  long,  4 
mches  wide,  heated  with  coke  in  an  insulated  furnace,  and  furnished  with 
a  glass  UAk'  and  stop-cock  to  regulate  the  escaf*  of  the  vapf)ur,  the  fol- 
lowing results  were  obtained.  When  the  vajiour  is  alloived  to  escape 
with  tlie  sufety-valve  ojm-ii,  that  is  to  say,  at  the  ordinary  atmospheric 
jiressure,  no  electricity  is  apjvarent ;  but  at  1  lb.  pressure  per  square  inch, 
the  electricity  begitis  to  ahmv  itself.  At  3  lb,  pressure,  the  boder  gives 
a  Bpark  after  the  steam  has  been  csaiping  for  a  minute.  At  15  lb.  pres- 
fiure, — if  tlie  etop-cock  be  so  turned  that  the  quantity  of  vapour  escaping 

VOL.  I.  Z 


|Mr  Aekanbtf 
■  flnmiKMfK 


FinM 
ii  (iae.  Mi  ■»  HiKk  t»  Acr 

lit 

afantys 

BirtYft  mgyJqMMJil^  of  |iiiriifc  orwdb  be 
AelMfleraniiedaccMitactwstniBglr).  tfce 

wtrie  add  or  ■■hifcili   off 

cUme  aod,  ashtniic  acid— cOfter  aioBe  or 


gift 
ci 


T  FandijkMflhmBliwtcleeliidtf  bwrereiaftBd  l^rtihB 

of  pare  steam,  and  is  amiifested  oohr  wbea  wtcr  ■  ikrwiaa  , 

HetMK  h'^  coDdndes  that  the  effect  is  altogether  doe  to  the  friction  of  the 
gtr/lioleA  against  the  sides  of  the  openingr.  or  against  the  sabatanoas  o|ipoBed 
to  its  passage,  as  the  water  is  rapi*ilv  moved  oowards  br  the  cozrait  of 
steam.  Acvir^nf^jr  it  was  foond  to  be  increased  in  qQaiitity  bj  increasing 
the  pressure  and  Impelling  force  of  the  steam.  The  imniMfiate  effect 
of  this  frKtion  was,  in  all  cases,  to  render  the  steam  poaitiTe,  and  the 
flolidis  whatever  they  might  be.  negative.  In  certain  drcomatanoea,  how- 
ercr,  as  when  a  wire  is  placed  in  the  conent  of  steam  at  some  «<i«ff^»vr» 
from  the  orifioef  the  s<4id  exhibits  the  positive  efectridtj  acquired  by  the 
str.'am,  of  which  it  is  then  merely  the  red(^«ent  and  conductor.  In  like 
mariri(:r,  the  results  may  be  greatly  modified  by  the  8lii4ie,  nature^ 
mni\  t/-inf¥-'nitiire,  of  the  passages  throngh  which  the  steam  is  forced. 
Ilrrat,  by  (mrventing  the  condensation  of  the  steam  into  water,  likewiae 
pn:v<;iitH  the  evolution  of  electricity,  which,  however,  speedily  appears  on 
c^flirig  thff  passages,  so  as  to  restore  the  water  which  is  neoessaiy  for  the 
xtnAnri'inn  tA  that  effect.  The  phenomenon  of  the  evolution  of  electricity 
111  th(w  cirmunKtaiiccs  is  dependent  also  on  the  qtuilitif  of  the  fluid  in 
motion,  more  fnifK^ially  in  relation  to  its  conducting  power.  Water  will 
not  (excite  ek;ctricity,  uuless  it  be  pure :  the  addition  of  any  soluble 
salt  or  ar-ifl,  cvfm  in  minute  quantity,  is  sufiScicnt  to  destroy  this  pro- 
perty. The  arlditinn  of  oil  of  turpentine,  on  the  contrary,  occasions  the 
devcloprnctit  of  electricity  of  the  opposite  kind  to  that  whidi  is  excited 
by  water:  bccaoso  each  particle  oi  the  water  becomea  oorcavd  with  • 
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thin  film  of  oil, — bo  that  the  friction  takes  place  only  between  that  external 
fihn  and  the  snlidtt  along  whose  surface  the  j^lobijles  of  li(|uid  are  earned. 
A  similar  btit  mon;  jKM-niauent  effect  is  proibiceil  by  the  presence  of  olive- 
oil,  which  ig  not,  hkeoilof  tiirfH'iitin«^,  snbjcct  to  rapid  diBHtpatiou.  {Ej^eri- 
menffd  Researches,  Series  18  ;  abstr.  Phil.  Mag.  J.  22,  486. — See  also  Ann- 
strong,  Phil  Mag.  J.  22,  1.)  H. 

PfafT  found  (Pogg.  53,  313)  that  the  vapionr  issuing  from  a  Papin's 
digester  was  positive,  and  the  digester  itself  negative — even  when  the 
water  contained  potash,  carkHJ>uate  of  potash,  milphuric  acid,  or  common 
Bait — the  strength  of  tlie  charge  increasing  witii  the  tension  of  the 
vapour ;  he  also  nlitained  more  electricity  on  lioldhig  the  metal  plate  in  the 
vapnur  at  some  inches  distant  from  the  tube,  than  when  he  liold  it  closer. 
— Williams  (Phil,  Mng.  J.  18,  93)  also  found  tlie  boiler  negative. 

When  air  is  compressed  in  a  motaUie  vessel  to  eight  times  its  ordinary 
density,  the  vessel  generally  becomes  negative  when  the  stoivcock  is 
opened,  mul  gives  sp:irks  a  quarter  uf  an  inch  long,  whilst  the  air  which 
escapes  shows  positive  electricity.  Mure  electricity  is  obtained  when  the 
vessel  is  cold  and  damp,  than  when  it  is  warm  and  dry.  A  }x'rfectly  dry 
vessel  ceases  to  show  signs  of  electricity  even  when  moderately  heated,  a 
damp  one  not  till  it  is  lieated  strongly  ;  but  in  the  c*,»ld,  dampness  does 
not  seem  to  increase  the  ek'Ctricity.  (Armstrong.)  [Since  the  exjterinient 
was  made  with  air  not  ]>erfect!y  <Iry,  it  is  possjbk"  that  water  may  have 
been  dejwsited  duruig  its  compression,  and  after  combiumg  with  impurities 
in  the  vt-ssel,  niay  have  been  again  converted  into  vajionr  on  the  escafit-  of 
the  air.  A  repetition  of  these  ex]>erimonfs  with  dry  air  is  therefore  desir- 
able, in  order  to  ascmlaiii  whether  the  eleelricity  proceeds  from  chemical 
or  mechanical  causes.] 

If  a  mixture  of  water  and  peroxide  of  hydrogen  bo  placed  in  a  pla- 
tinmn  s]joon  connected  with  the  galvanometer  {App.  1),  an(!  a  piece  of 
Bp)ngy  ]ilatinum,  gold  or  silver,  or  even  linel^t-dividcMl  base  mfitals,  also 
connected  with  the  galvanometer,  be  di]iix^d  into  the  liquid, — oxygen  gas 
will  be  evolved  from  the  jwroxide  of  hydrogen,  an<l  positive  electricity 
will  pass  from  the  sixjon,  through  the  giuvanometer,  to  the  spongy  metal. 
If,  ftu  the  contrary,  oxide  of  silver  «.tr  hydrate  of  ]>ota*ih,  wrafjped  up.  in 
moist  papor  and  held  in  the  force[>e,  be  dipfted  into  the  liquid,  an  opfTOsite 
current  will  l>e  produced.  (Becquerel.)  [In  the  first  case,  oxygen  gas  is 
evolved  on  the  am-faee  of  the  sjK)ngy  metal, — in  the  second,  on  the  ]ilati- 
num  Bjxion, — and  renders  it  negative  by  removing  its  jKwitivc  electricity. 
The  w.ater  which  has  lost  its  oxygen  takes  up  negative  electiicity,  and 
sets  positive  electricity  free.] 

Since,  in  the  combination  of  carlxm  with  oxyi^en,  the  former  exhibits 
negative,  the  latter  ]Kisitive  electricity  (p.  321>), — it  is  probable  that  when 
carbonic  acid  is  decomposed  by  plants,  under  the  influence  of  light,  into 
carbon  which  is  retained  by  t)je  plants,  and  oxygen  wliich  is  set  free,  the 
plants  wi!l  exhibit  ]xisitive  electricity.  When  seeds  are  suffered  to  germ- 
inate in  moiihi  contained  in  twelve  isolated  pans,  and  the  mould  in  all  the 
pans  is  connected  by  a  metallic  conductor  with  the  condenser  of  the  electro- 
meter, no  electricity  is  i)ercr'utilik'  duruigthc  first  two  days  of  germination; 
but  afterwards,  when  the  jiiants  arc  more  advanced,  negative  electricity 
showR  itself  both  in  the  (lay-time  and  at  night.  In  two  instances  only 
did  the  negative  electricity  gradually  diminish,  and  give  platic  to  feeble 
I^sitive  electricity,  which  continued  during  the  ^^^nlaining  time  of  the 
growth.    (^Pouillet.)    [Can  the  slow  combustion  of  the  vegetable  mouLdj^ 
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which  mnst  have  generated  nogntivc  electricity,  have  counteracted  tl 
rc^jpilar  dtvelopment  of  the  jiositive  elcctrir.ity  ?] — J.  Blake  (Phil.  Mag.  j 
12,  540)  found  that — on  iiiiinfrsiu^  the  leaf  of  a  plant  in  wat<?r,  in  such 
manner  that  the  stalk  projueted  above  the  liuuid,  and  connecting  one  civ 
of  the  ga!vanoinel«'r  with  the  stalk,  and  the  other  with  the  lamina — ] 
electricity  fiussed  from  the  stalk  tluonf^di  the  galvanometer  into  the  k 
J  lie  current  was  etrong'er  in  the  lij^ht  ih;in  in  the  dark,  but  always  in' 
game  direction.     [This  accords  with  Puuillut's  suijjtosition.j 

c.  Combinations  accompanied  by  Decomposition^* 
a.  In  Imperfect  Conductors. 

Ekctricity  in  Detonations.  In  the  decoinpositirtn  of  oxalate  of  salver  by 
heat  (wlnTcby  it  is  resolved  with  a  hiswng  noise  into  silver  and  carbouio 
acid  jj^as)  a  large  quantity  of  electricity  is  set  free:  not,  however,  when. 
the  sidt  is  covered  with  a  watch-glass.  Mercurous  oxalate^  oxalate  of 
c(>|>|K-r  ami  amnionia,  and  fttlminatc  of  mercury,  show  but  littlu  electxicitj 
when  decnmfiosed  by  heat.     (Dobcreiner,  Gilb.  67,  232.) 

Fuhuinutc  of  silver,  when  exploded  by  oil  of  vitriol  or  by  the  burning- 
glass,  charges  an  electrometer  uu  which  it  is  placed  positively.  If  tho 
decomposition  is  effected  by  means  of  an  insiuatcd  iron  wire  heated  to 
redness  positive  electricity  becomcH  apparent  in  a  few  instances, — moro 
frequency,  feeble  negative  electricity,  or  none.  If  the  salt  is  placed  in  a 
red-liol  platinum  api>ou,  either  feeble  negative  electricity  becomes  apparent, 
or  none. — Oxalate  of  silver  decomiMwed  by  red-hot  iron,  yields  poeidvO; 
electricity  when  it  is  sifted  on  a  heated  jilatininn  spoon.  The  Bpoon  showy 
positive  electricity  if  it  l>c  strongly  ignited,  none  if  heated  to  faint  ignitJOQ, 
negative  when  Htill  less  heated,  and  none  when  still  colder,  but  hot  enou^ 
tit  decomp<i8e  the  salt  with  a  hissing  noise.  When  oxalate  of  silver  is 
placed  under  a  watch-glass  on  the  cap  of  the  electrometer,  and  exploded 
by  a  l>m-i ling-glass,  no  electricity  is  developed;  but  on  removing  the 
watch  ghi8s,  negative  electricify  becomes  apparent.  If  the  oxalate  of 
silver  l)e  exj)Ioded  on  the  electrcmcter  by  means  of  a  buruiug-glaas,  whilst 
a  sheet  of  tinfoil  cnnnected  with  another  electrometer  is  held  at  a  aboct 
distance  above  it,  the  first  electrometer  %vill  sliow  negative,  the 
(jositive  electricity.  McRnirous  oxidate  expKided  by  a  red-hot  wine, 
municates  a  strong  negative  charge  to  the  electrometer. — Oxalate  of 
copj^KT  and  ammonia,  gunpowder,  and  a  nuxlme  of  svdphur  and  clUontlt 
of  |totash  gives  no  electiicity  when  ex|iliidcd.     (.Schweiggcr.) 

By  heating  certain  salts  in  a  pluliniiin  crucible  connected  by  a 
Avith  a  Bohneuberger's  ek-ctroscoj^M",  till, they  either  ex])lode  or  do 
with  a  hissing  noise,  and  removing  the  spirit-lamp  as  soon  as  this 
position  begins,  the  following  results  are  obtained.    Oxalate  and  dtrato 
of  silver  give  strong,  oxalate  of  c^^ipwr  and  ammonia,  weak  negative 
trioily.     No  electricity  ia  manifested  by  fulminating  gold,  fminiJia! 
silver,  mercurouH  oxalate   and  carbazotate   of  potash,   soda,   or  ba: 
(H.  litittger.)     Pf.iff  likewise  obtained  negative  electricity  with   o 
aud  citrate  of  silver. 

EUctricitif  nccompani/ing  Decomposition  by  Simple  Affinity.    From  tho  fint* 
named  substances  hi  t^ji*  fnllnwing  list,  positive  electricity  goes  through 
tho  galvanometer  to  the  last-named.     Frftm  sul|thuric  acid  to  mtx«t«  of 
'•iryta,   and  from  sulphute   «jf  magnesia  to  (xitash.     (Bec<piereT)— ! 
pburic,  nitric,  or  hydrochloric  acid,  to  carbonate  of  lime,  potaah* 
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Bodo  J  from  carbonate  of  lime  to  oxalic  acid ;  from  Hulphtiric  or  nitric  acid 
to  chloride  of  pntassiiim  (strong) ;  from  aul[)lmric  add  to  chloride  uf 
bariuQi.  (Nobili.) — From  oil  of  vitriol  to  aolnticma  of  common  salt,  acetate 
of  bajyta,  or  acetate  of  lead ;  from  cnnecutnitiKl  sohilion  of  Hulpliate  of 
alumina  or  blue  vitriol,  to  ammonia ;  from  nitrate  of  wlvcr  to  hydrocliloric 
acid;  from  pcrchloride  of  iron  to  conceiitratcil  or  dilute  sulphuric  acid, 
ammonia,  c>r  jvitash.  (Walckcr.) — For  complicated  cascs  with  App.  10, 
vid.  Fechnor  (7\»,7j.  4ft,  1  and  225).- — In  the  decnmposition  of  calomel  by 
nitric  acid,  positive  electricity  goes  from  the  acid  through  the  galvano- 
meter to  the  calomel.  (l)e  la  Rive.) — When  carbonate  of  prjtash  is  det^m- 
posed  by  dilute  sulphuric  acid  in  a  metallic  vesac!  standing  on  the  electro- 
meter, the  instrumeut  shows  a  uei^ratt^'e  charge.  (Lavoisier  &  Laplace, 
Creil,  Ann.  1788,  1,  351.)     [I  have  alnn  i)btained  negative  oloctricity.J 

Electn'n'ti/  in  decompositions  bt(  Double  AJfinity.  Positive  electricity  goes 
from  green  vitriol  through  the  galvanometer  to  feirocyanide  of  potas- 
Hiimi ;  fmm  tincture  of  galls  to  green  vitriol.  (Becquercl.) — Frtmi  alkaliue 
sulphates  to  nitrate  of  baryta.  (Nobili.) — From  chloride  of  barium  to 
carbonate  of  soda ;  from  chloride  of  calcium  to  aidjthate  of  copj»cr ;  from 
ixjrchloride  of  iron  to  hydrosulphate  of  ammonium  or  ferrocyaiiido  of 
potassium ;  from  sulphide  of  cvi|>per  to  carbonate  of  soda  or  fernwyanido 
of  potassium ;  from  nitrate  of  silver  to  common  suit,  acetate  of  potash, 
or  ferrtwyamde  of  potassium  ;  from  chloride  of  gold  or  pliitiamn  to  ferro- 
cyanide  of  potassium.  (Watcker,) — For  complicated  cases  with  four 
vessels,  vM.  Feohaer. 

Electricity  in  Fermenfation.  If  two  hori/jOntal  metal  ]ilatcB  conucctod 
with  the  g^lvauoiQcter  be  immersed  in  fermenting  beer- wort,  one  at  the 
bottom  i)f  the  vessel,  the  other  near  the  surface  of  the  lii}uid,  positive 
electricity  proceeds,  at  first — so  long  as  the  yeast  remains  at  the  boltora 
— from  the  lower  plate  through  the  galvanometer,  to  the  ui>rer ;  after- 
wards when  the  yeast  rises  to  the  surface,  the  current  takes  the  opjx'site 
direction.  Hence  it  appears  that  negative  electricity  always  proceeds 
from  the  veast  (on  which  the  bubbles  of  carbonic  acid  gas  aie  evolved.) — 
/.  BUike  (Phil.  Mag.  J.  12,  539.) 

^.  In  the  Action  of  Perfect  on  Impetfect  Chnductort, 

Simple  Galvanic  CiRcurr. 

1.     Two  Metals  and  one  Liquid. 

When  two  metals  are  placed  in  contact  with  an  imperfectly  conduct- 
ing compound  liquid,  and  connected  together  at  some  pt>int  within  or 
without  the  liquid,  either  inunediatcly  or  by  means  of  a  good  conductor 
(a  wire), —  and  moreover,  one  nf  these  metals  hiis  the  power  of  decomt^jshig 
the  liipiid  by  appropriating  one  or  more  of  its  elements,  whilst  the  other 
is  either  destitute  of  this  power  or  jKwsesses  it  only  in  a  less  degree, — • 
then  (1.)  Ueconipnsition  takes  place,  and  a  new  coni|ntuiid  is  formed  tm  the 
first  metal  only;  whereas  the  second,  if  i)lucvd  alone  in  the  liipiid,  would 
in  many  cases  exert  a  dec<^imii.Kming  action  ujimi  it  and  ileprive  it  of  the 
very  elements  which  are  actvially  taken  from  it  by  the  first  metal.  (2.) 
The  decomposition  goes  on  more  quickly  than  it  would,  if  the  first  metal 
were  placed  alone  in  the  liquid.  (3.)  Those  elenu:>iita  of  the  liquid  which 
arc  set  free  by  the  abstraction  of  the  others,  do  not  m;ike  their  ap])earance 
at  the  surface  of  the  first  metal,  where  the  action  takes  place,  Imt  at  (ho 
Btu-facG  of  the  second.  (4.)  Tliis  action  is  invariably  accompanied  hy  a 
powerful  electric  current;  and,  when  the  first  metal  takes  from  the  li(iuid 
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the  copper  and  sunc  Tfithin  the  liquid, — becange  the  difficnlty  caused  by 
transposition  of  the  atoms  is  thereby  somewhat  lessened. — 2.  By  increas- 
ing the  surface  of  copper  in  contact  with  the  hquid, — because  the  tnin»- 
fcrcncc  of  the  negative  electricity  from  the  copper  to  the  hydrogpen  nf  the 
water  is  thereby  facilitated, — 3.  By  facilitating  the  mechanical  rvmoral 
of  the  bubbles  of  hydi-ogen  which  ac<,'umulate  on  the  a>pper  and  diminii^h 
its  acting  surface.— 4.  By  puiifying  the  zdnc,  and  conscquoutly  eqnali 
the  power  with  which  the  different  piints  of  its  surface  attract  the  oxy 
of  the  wat^'r.  For  even  if  the  zinc  contains  but  a  small  quantity  of  c 
metals  (except  niercnry),  these  impurities,  in  combination  with  a 
portion  of  the  zinc,  fonn  alloys,  which,  being  mechanically  diffused  thi 
the  rest  of  the  metal,  and  huvniig  less  affinity  for  oxygen  than  pure  aanc, 
prtiduce  an  action  similar  to  that  (.»f  C/opner — that  is  to  say,  while  the  oxy- 
gen goes  over  to  the  pure  zinc,  these  alloys  transfer  the  Ubcrated  negative 
electricity  to  the  hydrogen,  thereby  producing  a  local  electro-chemical  netitm, 
by  which  the  current  from  the  zuic  to  the  copper  is  weakened. — 5.  An 
opposite  effect  is  produced  by  covering  the  surface  of  the  zinc  with 
mercury.  Amalgamate  d  zinc  exhibits  with  water  and  dilute  acidSf  only 
electro-chemical,  not  purely  chemical  action.  What  it  is  that  here  pre- 
vents the  direct  passage  of  the  negative  electricity  from  the  zinc  to  the 
hydrogi'ii  remains  yi't  to  be  diKCi)ver»'d. — 6.  The  nature  of  the  liquid 
likewise  some  iTiflnonoe.  Thus,  water  is  more  inclined  to  electro-cnej 
nitric  acid  to  purely  chemical  action — pissibly,  because  the  oxj'gen-a: 
offers  a  more  effectual  obstacle  to  the  transference  of  electricity  from 
zinc  to  the  minute  atoms  of  hydrogen,  than  to  the  much  larger  ai 
nitric  oxide  evolved  frrjm  the  nitric  aci<i, — which  indeed,  from  their 
size,  must  project  beycnid  the  atoms  of  oxygen. 

k.  Zinc  counet'ted  with  copj^r  takes  up  the  oxygen  of  a  watory  liquid 
more  easily  and  quickly  than  zinc  alone, — and  consequently  lilicratcs  a 
greater  quantity  of  hydrogen  gas  in  a  given  time :  for  the  |XMut8  of  t 
fercnce  of  negative  electricity  to  hydrogen  are  multijdiod,  and 4110 
ferenc«  thereby  facilitated. 

L  Since,  in  the  action  of  water  ujion  zinc,  the  oxide,  u  it  f 
depfjsited  on  the  siu^ace  of  the  metal,  and  thereby  offers  a  oontin 
increasing  olwtacle  to  its  contact  with  the  water,  the  oxidation  prooeod« 
very  slowly,  t>f»th  when  the  zinc  is  alone,  and  when  it  is  connecte<l  with 
cop|»er :-— hence,  even  in  the  latter  case,  the  quantity  of  negative  el«x:lii- 
city  which  passes  over  in  a  given  time  is  but  small.  The  presenoe  of  aa 
add  and  cx^rtain  other  substana-s  accelerates  the  oxidation  of  the  siKV^ 
1,  By  the  predisposing  affinity  of  the  acid  for  the  oxide  of  zinc  produced, 
— and  2.  By  dissolving  the  oxide  and  keeping  the  surface  of  the  ifaio 
dean.  By  this  addition,  the  quantity  of  negative  electricity  which  , 
over  in  a  given  time  from  the  zinc  to  the  copper  is  much  increasod- 
other  words,  a  current  of  much  greater  Quantit}/  is  produced;  but 
Inlentihf  uf  the  current, — that  is  to  say,  its  velocity  and  power  of  ovtsr- 
coming  the  obstacles  which  interfere  with  ita  motion — is  not  on  that 
account  necessaril^v  increased :  for  the  intensity  dejiends  on  the  quanti^ 
of  negative  electricity  which  can  accumulate  in  zinc  unconnected  wita 
oopp<'r,  before  it  aeijuires  a  siifBcicnt  foix^e  to  overcome  the  olitttaelc  pire- 
acnt4.*d  by  the  oxygim-atom  between  the  zinc  and  hydrogen-atom,  and 
pass  ilireotly  t<i  the  hydmgen.  It  may  likewise  be  supixised  that  the 
atonj  of  zinc-salt  formi'd  when  an  acid  is  nresent,  moves  onward,  together 
with  the  a«ljaocnt  hydn)gon-atom,  from  the  zinc  towards  iho  onppnr  in 
the  moiinor  descrilwd  in/;— whilst  the  free  acid,  in  connection  with  tho 
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oxygen-atoms  of  the  water,  is  transforrecl  from  the  copper  towards  the 
ziiic  side. 

m.  Similar  actions  take  place  when  zinc  and  copper  are  immersod  in 
Other  hquwlB.  tVom  nitric  acid  zinc  takes  oxygen,  while  negative  elec- 
tricity passes  over  to  the  hberated  nitric  oxide  gas.  From  sulphide  of 
potaBBium  containing  several  atoms  of  snlplmr,  zbic  takes  sulphur,— and 
negative  elrotricity  |mssoH  over  to  the  milphide  (tf  potassium,  which  has 
thns  l)ecn  dejirivcd  of  part  of  its  sulphur :  and  so  on. 

n.  The  rest  of  the  metala  and  other  perfect  conductors  exhihit  rela- 
tionfi  similar  to  tJinso  of  seine  and  copper,  at  least  when  one  of  the  two 
conducting  bodies  immersed  in  a  liquid  is  capahlc  of  decomjiosing  it. 
The  direction  of  the  current  is  always  determined  by  the  difference  of 
affinity  of  the  two  condiietoi's  for  the  electro-negative  element  (if  tlio 
liquid.  Negative  electricity  always  proceeds  from  the  metal,  which  by 
its  greater  afHnity  aj^prapriates  the  electro-negative  element,  through  the 
connecting  wire  to  the  other  metal, — or,  what  comes  to  the  same  thing — 
positive  efectricity  goes  from  the  latter  metal  to  that  wliich  is  in  the  act 
of  corahination,  and  jKJssihly,  from  this  through  the  liquid  to  the  inactive 
metal.  The  quantify  of  the  electric  cunx'nt  is  directly  prntwirti* trial  to 
the  strength  of  the  electro-chemical  action.  The  greater  the  quantity  of 
the  electro-negative  element  taken  up  by  the  metal,  the  greater  also  will 
be  the  quantity  of  electricity  wliieh  passes  over, — provided  always  that 
no  purely  chemical  action  take  place  at  the  same  time, — for  the  effect  of 
this  wouJd  be  to  weaken  or  arrest  the  eh^etric  current.  The  fulldwing 
circiunstances  accelerate  the  combination  of  the  metal  with  the  electru- 
negative  element  of  the  liquid,  and  may  therefore  increase  the  electric 
current:  Increase  of  affinity  and  diminnticm  of  cohesion  in  the  metal, — 
rise  of  temperature, — increased  fjicility  of  conveying  the  negative  elec- 
tricity from  the  electro-negative  metal  to  the  liquid,  dcjiendingujKmcIean- 
linCKS  and  extent  of  surface. — The  tension  or  wteH^^tU/  of  the  electric  current 
is  perliaps  greater  in  proportion  to  the  difference  between  tlie  affinities 
of  t!ie  two  metals  for  the  electro-negative  element  ;  the  influence  of  the 
circumstances  noticed  in  r',  1,  must  however  be  taken  into  account. 

o.  The  metal  endowed  with  the  greater  affinity  for  the  electro-negative 
element  of  the  liquid  may,  by  its  a*;*tiriti,  become  covered  with  a  product 
wliich  may  interruj)t  wholly  or  partially  the  contact  between  the  liquid 
and  the  metal :  in  such  a  case,  the  affinity  of  the  other  metal  may  come 
into  play,  and  give  rise  to  a  rt^i-ersul  of  the  current. 

p.  Two  t>erfect  conductors  may  produce  a  cnirent,  even  without 
abstracting  any  element  of  the  liquirl,  provided  one  of  them  give  up  one  of 
its  own  elements  to  the  liquirl  or  the  metal.  Thus,  fnmi  |wm)xideof  man< 
gnnese,  lead,  or  silver,  immersed  in  different  liquids,  positive  electricity 
passes  over  through  the  galvanometer  to  plathimn  or  copper.  For,  when 
a  body  ftf  this  nature  gives  up  oxygen  to  the  lii}uid,  or  transmits  it  by 
displaoemcnt  of  particles  to  the  metal,  the  oxide,  btnng  more  or  less 
reduced,  recovers  its  lost  negative  electricity  by  appropriating  that  which 
4owa  to  it  through  the  connecting  wire  from  the  platinum  or  the  copper, — 
the  metal  either  receiving  this  negative  electricity  from  the  li(]md  which 
gives  it  up  on  combining  with  the  oxygen,  or  evolving  it  directly,  when 
it  takes  up  the  oxygen  itself.] 

Erperivients  with  ttnitr.  On  placing  one  above  tijo  other,  brass,  zinc, 
dry  wood,  damp  wood,  zinc,  and  brass,  the  last-mentioned  brass  imparted 
negative  electricity  to  the  condenser  of  the  electrometer.    (De  la  Rive.)— 
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the  copper  and  zinc  within  the  liquid, — because  the  difficulty  caused  by  the 
trans pnsitinn  of  the  atoms  is  thcrohy  Bomcwhat  lessoned. — 2.  By  increaa' 
ing  tlie  8urfac.e  of  copper  in  contact  with  the  liijiiid, — because  the  trans- 
ference of  the  neg"iitivt'  electricity  from  the  cop|x,T  to  the  hydrogen  of  the 
water  is  thereby  facllitiited. — 3.  By  faeihtatitjf?  the  mechatiical  removal 
of  the  bnbbles  of  hydrogen  which  accuinnhjte  on  the  cop|x;r  and  diniiniuh 
its  acting  fturface.— 4.  By  purifying  the  zinc,  and  consequently  equalizing 
the  power  with  wliich  tlie  diffcr^^nt  {>i)iiitfl  of  its  surface  attract  the  oxygen 
of  the  water.  For  even  if  the  jdnc  contains  hut  a  small  quantity  of  other 
metals  (except  mercury),  tliese  impurities,  in  combination  with  a  small 
|>ortion  of  the  zinc,  fonn  alloys^  wliich,  Ix'ing  mechanically  diffused  through 
the  rest  of  the  metal,  and  having  leas  affinity  for  oxygen  than  pure  xinc, 
produce  an  action  similar  to  that  of  C4>pj"»er — that  is  to  say,  while  the  oxy- 
gen gfoes  over  to  the  pure  zinc,  these  alloys  transfer  the  lilK-rfited  negative 
electricity  to  the  hydrogen,  tJioreby  prt>ducing  a  local  decti\>-ctuiinical  action^ 
by  which  the  current  frum  the  zuic  to  the  copper  is  weakened. — 5.  An 
opposite  effect  is  produced  by  covering  tlic  surface  of  the  zinc  with 
mercury.  Ainalgaiiiated  zinc  exhibits  with  water  and  dilute  a^Mda,  only 
electivj-chemirjvl,  not  purt-ly  chemical  action.  What  it  is  that  here  pre- 
vents th(?  direct  ]msHa|i:e  of  the  negative  electricity  from  the  zinc  to  the 
hydrogen  remaiiis  yet  to  be  discovered. — (!.  The  nature  of  the  liquid  has 
likewise  some  iiifhic-nce.  Thus,  water  is  more  inclined  to  electro-chemical, 
nitric  acid  to  purely  chemicrtl  action — possibly,  Ix'cause  the  oxygen-atooi 
offers  a  more  effectual  obstacle  to  tlie  transference  of  electricity  from  the 
zinc  to  the  minute  atoms  of  hydrogen,  than  to  the  much  larger  atoms  of 
nitric  oxide  evc^ilvcd  from  the  nitric  acid, — which  indeed,  from  their  greater 
size,  must  projod  lieyniifl  the  atoms  of  oxygen. 

k.  Zinc  cMTinccteii  willi  cojijht  takes  up  the  oxygen  of  a  watery  Gquid 
more  easily  and  quickly  than  zinc  alone, — and  conseqnentlj'  liberates  a 
greater  quantitj'-  of  hvdrogen  gas  in  a  given  time  r  for  the  pohjta  of  traua- 
fercnce  of  negative  electricity  to  hydrogen  are  muUipUed,  and  •the  ti^ana- 
ference  thereby  facilitated. 

/.  Suice,  in  tlie  action  of  water  u})on  zinc,  the  oxide,  as  it  forms,  ts 
deposited  on  the  surface  of  the  metal,  ,Mid  thctX'by  offers  a  continually 
increasing  olwtaclo  to  its  contact  with  the  water,  the  oxidation  proceeds 
very  slowly,  b<ith  when  the  zinc  is  alone,  and  when  it  is  connecU/d  with 
copfier  : — hei»ce,  even  in  the  latter  case,  the  quantity  of  negative  electri- 
city whicii  passes  over  ux  a  given  time  is  but  small.  The  presence  of  an 
acid  and  certain  otlier  substances  accck-mtcs  the  oxidation  of  the  zino— 
1.  Ky  the  pR'dispf>sing  affinity  of  the  acid  for  the  oxide  of  zinc  produced, 
— and  2.  By  dissolving  the  oxide  and  keeping  the  surface  of  the  sino 
clean.  By  this  addition,  the  quantity  of  negative  electricity  which  passea 
over  In  a  given  time  from  the  junc  to  the  copper  is  much  incn'asod — in 
other  words,  a  current  of  much  greater  Quantity  is  produce*! ;  but  tho 
Intensitff  of  the  current, — that  is  to  say,  its  veU)city  and  fiower  of  ovur- 
oming  the  obstacles  which  interfere  with  its  motion — is  not  on  that 
account  necessarily  increased :  for  the  intensity  depends  on  the  quantity 
of  negative  electricity  which  can  aocunndate  in  zmc  unconnocte<l  with 
oopptT,  Ijeforo  it  acquires  a  sufficient  force  to  overcome  the  obstacle  pre- 
aented  by  tho  oxygen-atom  between  the  zbic  and  hydrogen-atom,  and 
pass  dii-eetly  to  tho  hydrogen.  It  may  Ukewise  bo  supposed  that  tho 
atom  of  zinc-salt  formed  when  an  acid  is  present,  moves  onward,  together 
with  the  ndjarvnt  hydrogen-atom,  from  the  zinc  towards  tljo  oopjicr  tn 
tbonumoor  dcecribod  in/, — wliilst  tlie  free  acid,  in  connection  with  tJM> 
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oxygen-atome  of  the  water,  is  transferrec!  from  the  copper  towards  the 
ziiic  Biikv 

m.  Similar  actinna  take  place  wlien  zinc  and  copper  are  immersed  in 
6ihoT  liquids.  From  nitric  add  zinc  takes  oxygen,  while  negative  elec- 
tricity piiflses  over  to  the  liberated  nitric  oxide  gas.  From  sulphide  of 
potassium  containing:  several  atoms  of  Butphtir,  zinc  takes  snlplmr,— and 
negative  electricity  i^asseR  over  to  the  sulphide  of  potassium,  which  has 
thus  been  deprived  of  part  of  its  sulphur:  atul  so  on. 

n.  The  rest  of  the  metals  and  other  perfect  conductors  exhibit  rela- 
tions similar  to  tJiose  of  zinc  and  copper,  at  least  when  one  of  the  two 
conducting  bodies  immersed  in  a  liquid  is  capable  of  deajmjKJsiiig  it. 
The  direction  of  the  current  is  always  determined  by  the  difference  of 
affinity  of  the  two  conductors  for  the  electro-negative  element  of  the 
liquid.  Negative  electricity  always  proceeds  from  the  metal,  which  l»y 
its  greater  affinity  apprr>priate8  the  clectni-negativo  element,  through  the 
oonnecting  wire  to  the  other  metal,^or,  what  comes  to  the  siuiic  thing — 
positive  electricity  goes  from  the  latter  metal  to  that  which  is  in  the  act 
of  conibuiation,  and  possibly,  from  this  tlmmgh  the  Uquid  to  the  inactive 
metal.  The  fptantitt/  of  the  electric  current  is  directly  proportional  to 
the  strength  of  the  electro-chemical  action.  The  greater  the  ipiantity  of 
the  electro-negative  element  taken  up  by  the  metal,  the  greater  also  will 
be  the  quantity  of  electricity  which  p;M<ses  over, — provided  always  that 
no  purely  chemical  action  take  place  at  the  same  time, — for  the  effect  of 
this  would  be  to  weaken  or  aixeat  the  electric  current.  The  folhiwing 
circuniBtances  accelerate  tlie  combination  of  the  metal  with  the  electro- 
negative element  of  the  liquid,  and  may  therefore  increase  the  tflectric 
current:  Increase  of  affinity  and  diminution  of  cohesion  in  the  metal, — 
rise  of  temperature, — increased  faeiiity  of  conveying  the  negative  elec- 
tricity from  the  electro-negative  metal  to  the  liquid,  dejx'ndiiig  ufxin  clean- 
liness and  extent  of  surface. — The  tension  or  intensifi/  of  the  electric  current 
is  perhaps  greater  jn  prtiportion  to  the  dilTerence  between  the  affinitiea 
of  the  two  metals  for  the  electro-negative  element ;  the  influence  of  the 
drcumstances  noticed  in  i",  1,  must  however  be  taken  into  account. 

o.  The  metal  endowed  with  the  greater  affinity  for  the  electro-negative 
element  of  the  liquid  may,  by  its  action,  tieconie  covered  with  a  product 
which  may  interrupt  wholly  or  partially  the  contact  Initwcen  the  lii]uid 
and  the  metal  :  in  such  a  case,  the  affinity  of  the  other  metal  may  CfyuiQ 
into  play,  and  give  rise  to  a  reversal  of  the  current. 

p.  Two  perfect  condtictors  may  produce  a  current,  even  without 
abstracting  any  element  of  the  liquid,  provided  one  of  them  give  up  one  of 
its  own  elements  to  the  hqm'd  or  the  metal.  Thus,  from  jieroxideof  man- 
ganese, lead,  or  silver,  immersed  in  different  liquids,  jtowitive  electricity 
passes  over  through  the  galvanometer  to  platinum  or  cojtper.  For,  when 
a  body  f>f  this  nature  gives  up  oxygen  to  the  liquid,  or  transmits  it  by 
displacement  of  particles  to  the  nietal,  the  oxide,  being  more  or  lesa 
reduced,  recovers  its  lost  negative  electricity  by  appropriating  that  which 
flows  to  it  througti  the  connecting  wire  from  the  platinvim  or  the  copper, — 
the  metal  either  receiving  this  negative  electricity  from  the  liquid  which 
gives  it  up  on  combining  with  the  oxygen,  or  evolving  it  directly,  when 
it  takes  up  the  oxygen  itself.] 

Erperinwnts  with  water.  On  placing  one  above  tljc  other,  brass,  zinc, 
dry  wood,  damp  wood,  zinc,  and  brass,  the  last-mentioned  brass  imparted 
negative  electricity  to  the  condonaer  of  the  electrometer.    (De  la  Rive.) — 
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The  same  result  was  ftbtained  With  cnpper,  zinc,  four  slieeta  of  dry  paper, 
one  sheet  of  damp  paper,  xinc,  copjjer; — the  two  copi>er-plate8  may  luso  be 
omitti'd  ; — the  lirst  zinc  gave  positive,  the  secoud  ueg'ati ve  electricity  to  the 
electrometer.  -Again,  when  a  bar  of  zinc  iw  wrapped  ronnd  with  fiajjcr 
and  oiic-hulf  of  the  pajwr  wetted,  tlic  wet  end  im|>art«  positive  electricity 
to  the  ek'Ctrometer ;  the  dry  end — if  a  damp  sheet  of  paper  be  laid  on  the 
condenaer  to  facilitate  the  conduction — negative  electricity.  (Fcclifkcr.) 
[Negative  eleetricity  accunmlates  in  the  laat  zinc  (p.  342,  c),  positive  elec- 
tricity in  the  damp  wo<xl  or  paper ;  au<i  these  are  communicated  to  the 
electrometer,  when  it  is  brought  in  contact  with  tlic  zinc  or  the  moisture.] 

A  solution  of   1    part  of  potassium  in   KHl  parts  of  mercury  is,  when 
placed  in  water,  strongly  positive  towards  platinum  ;  polished  lead  is  also 
positive  towards  platinum.     Potassium  hi-ing  soluble  in  water,  and  oxir 
of  lead  likewise  soluble  though  in  a  sligiiter  degree,  these  substau' 
can    produc-e  a  strong  cunxnit   without    the    intervention   of    an    aci 
(Faraday*.) 

If  a  strip  of  zinc  and  a  strip  of  platinum  in  water  tieprived  of  air 
give  at  the  commencement  of  the  action  a  (iclloclion  of  15°,  this  deflection 
will  be  reduced  to  1°,  when  the  circuit  has  been  cloHcd  for  some  time  ;  but 
will  again  rise  to  15°,  after  the  circuit  lius  been  left  open  for  24  hours. 
Zinc  which  has  become  inactive  by  immersion,  together  with  platinum,  in 
wattT  free  from  air,  is  negative  towards  zinc  freshly  immersed.  In 
water  containing  air,  on  the  contrary,  a  pair  of  zinc  and  copper  gives  a 
constant  deflection  of  15°.    (Buff.) 

Iron,  which  rusts  when  placed  by  itself  under  water,  remains  bright 
when  in  contact  with  zinc,  the  latter  alone  becoming  oxidated.  (Wetjdar.) 
— The  so-called  Gttlvanued  Iron  is  iron  protected  by  a  coating  of  pulverizea 
zinc. 

Polished  lead  is  positive  towards  iron  in  pure  water,  tarnished  lead 
negative.  (Yorkc,)— In  pure  wat«r,  lead  is  coiiKtantly,  but  very  feebly, 
positive  towards  iron, — the  iron  likewise  oxidating,  though  in  a  lost)  degpreo. 
in  spring- water,  the  lead  is  positive  at  first ;  but  the  iron  soon  bocomea 
positive,  remains  so,  and  oxidates.  (VVetzlar.)  [Perliaj»s  a  deposit  toaoB 
on  the  surface  of  the  lead  (p.  345,  o.)] 

Gold  and  platinum  together  produce  no  cuiTent  in  pure  water 
(Walcker,  licc^i^uerel ) ;  neither  d<H':8  gold  or  olatinum  produce  a  current 
with  magnetic  iron  ore,  specular  iron,  red  oxiac  of  copper,  or  iron  pyritee. 
(Bc'C^iuerel.) 

If  the  wet  and  dry  ends  of  a  piece  of  peroxide  of  manganese  be  con- 
nected with  the  galvanometer,  positive  electricity  passes  from  the  dry  end 
through  the  galvanometer  to  the  wet  end.  A  crystal  of  peroxide  of  nian« 
ganesc  is  feebly  positive  towards  platinum  in  water,  as  shown  by  the  giU- 
fTanometer;  the  current  soon  ceases,  but  reappears  if  the  circuit  be  left 
'  open  for  not  less  than  tivo  minutes.  Platinmn  exhibits  sunilar  relations 
with  graphite  or  anthracite,  excepting  tliat  the  latter  becomes  positive. — 

*  Theto  and  most  of  the  foHowing  oxpcritnentB  were  »o  arranged  thai  ihe  metals  in 

contact  with  tbo  liquid  wrure  connected  with  the  ends  of  the  galvanometer-  >Vhen  it  la 
lid.  in  accordance  with  the  received  phraseology,  that  one  metal  i»  positive  with  regard 

to  another,  and  the  latter  ne;.'atiTo  with  regard  to  the  former,  it  ia  to  be  underaiood  thai 
I  poaitive  electricity  gocD  from  the  negative  mcUil  tiirough  tbo  galvanometer  to  the  Doaitiva 
[netAl  (and.  aa  ia  oometiiueM  a<wiimc'l,  from  the  poHiiive  luetHl  through  the  liquid  to  tha 
IfteffAtivo  metal.}  In  «hun,  the  jiositive  luiUl  in  that  which  is  chomicalty  active^-and, 
F by  taking  tip  the  vle(;lttvn'-i;;;itiru  clement  of  the  liquid.  dcvelopeB  negative  elcclHciiy 

within  iXmlf,  and  aunda  it  through  the  g,ilranometer  to  iho  mactive,  negative  mot*),— or 

rcoolrea  poaitive  eleotridty  from  the  latter  (p.  313,  e). 
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Likewise  gold,  magnetic  iron  ore,  specular  iron,  red  oxide  of  copper,  and 
iron  pyritcis,  bccnnie  positive  in  water  with  peroxide  oF  manganeBe  or 
grapiiite.  (BecqHorol.)  [With  rospect  to  peroxide  of  manganese,  vid. 
p.  34,'), /). — Dot'«  the  action  of  grapuite  regiilt  from  its  having  absorbed 
oxygen  from  the  air  ?]  Platinum  is  positive  towards  peroxide  of  lead  in 
pure  water.     (Schouboin.) 

If  platinum  ha  laid  on  the  condenser  of  the  cIcetrDracter,  damp  paper 
on  the  platinum,  peroxide  of  manganese  on  the  paper,  and  the  oxide  of 
maugauese  touched  with  diy  wood,  the  condenser  will  show  positive  elec- 
tricity. When  [ihitiuuiu  and  penixido  of  manganese  are  connected  with 
the  galvanometer,  fifisitive  electricity  i^asses  from  the  peroxide  of  manga- 
nese through  the  galvanometer  to  the  platinum.  In  pure  water,  the  cur- 
rent is  very  weak, — but  strunger  with  irregularly  crystallized  peroxide  of 
manganese  than  with  large  single  crj'stala,  because  the  former  is  more 
prone  to  decomposition.  If  the  oxide  of  manganese  be  left  for  a  con- 
siderable time  in  water  by  itnclf,  and  then  connected  with  platinum  in 
nitric  acid,  the  current  at  first  goes  the  contrary  way — a  proof  that  the 
oxide  of  manganese  has  been  superticiully  altered  by  the  water.  (De  la  Kive.) 

If  zinc  with  co|i|ier  and  water  give  an  indication  of  4'"  in  tiie  voltaic 
electrometer,  it  will  give  4^  with  silver,  4|  ivith  charcoal,  5  with  gold, 
54  with  black  sulphide  of  mercury,  (J  witli  iron  pyrit<'H,  d^  witli  peroxide 
of  manganese,  ami  y^  with  peroxide  of  lead.  (Kosenchold.) 

Electrical  serjea  of  metals  in  water,  beginning  with  the  most  highly 
clectro-|jo8itive :  Zinc,  lead,  tin,  iron,  antimony,  bismuth,  cop|)er,  silver, 
gold.   (Fechuer.) 

Espaimenis  with  Dilute  Act'tb,  not  uicluflinff  Nitnc  Add, — A  solution  of 
1  part  of  potassium  in  1000  parts  of  mercury  ia  highly  positive  towards 
zhic. — Amalgam  of  zinc  is  positive  towards  zinc,  and  amalgam  of  tin 
towards  tin.   (H.  Davy.) 

Perfectly  pure  zinc  dissolves  more  slowly  in  dilute  sulphuric  acid  than 
comiiiercial  zinc,  which  contains  1  per  cent,  of  iron,  together  with  cad- 
mium and  trac^cs  of  h-ad  and  tin  — or  tbaii  an  alloy  of  10  parts  of  zinc 
%vith  1  [>art  of  tin,  lead,  iron, « »r  copper,— because  these  impurities  give  rise 
to  local  electro-chemical  action  (p.  344,  ».  4).  Wlien  commercial  zinc  and 
pure  zinc  are  f)laced  in  dilute  aulplnu-ic  acid  of  various  degrees  of  strength 
(the  annexed  ftercentages  show  the  quantities  of  anhych'ous  sulphuric  acid 
in  the  liquid),  the  times  required  to  furnish  a  given  quantity  of  hydrogen 
gas  are  f<miid  to  bo  as  follows : 

20-2      25-64      29-85      35-28      4325      C4-2    per  cent. 
CommcTcial  dac. .       3  1-5  1  1-6  2  4*6 

Pure  line 108         65  16  13  12  45 

Hence,  commercial  zinc  is  most  quickly  dissolved  by  dilute  sulphuric 
acid  contaitung  from  25  to  43  per  cent,  of  real  acid, — and  pure  zinc  hy 
that  which  contains  from  30  to  43  per  cent.  The  evolution  of  gas  is  very 
slow  at  first,  but  gradually  increases,  reaching  its  maximum  in  10  minutes 
with  commercial  zinc,  and  after  several  hours  with  pure  zinc :  with  acid 
of  64  per  cent.,  however,  the  cvohition  of  gas  soon  diminishes.  [Does  this 
arise  from  the  formation  of  a  film  of  sulphate  of  zinc?]     De  la  Rive, 

Alloys  of  10  parts  of  zuic,  with  1  part  of  tin,  lead,  iron,  or  copper, 
being  immersed  in  dilute  sulplniric  acid  of  various  degrees  of  strength,  a 
c<uni>arison  of  the  times  required  for  the  evolution  of  a  given  quantity  of 
hydrogen  gas,  with  the  corresponding  intervals  in  the  case  of  pure  and 
commercial  zinc,  gives  the  following  results : 
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20-2  25-6* 

Pure  anc 207  110 

Commeruuil  ziac     4  8 

Tin-xinc 2i  12 


Lead  xine 12 

Iron  zinc 4 

Capper-zinc 6 


25  04  29-85  pk  c 

9  10 

8  2 

0  4 


With  cnp[K?r-ziiic  the  evolutioa  of  gsis  conttnually  diminiBhes,  _ 
the  alloy  becomos  covt»rcil  with  a  black  film  of  oxiuu  of  copper  [vaeX 
comK'rtj  ;  when  this  is  removed,  the  evolution  r)f  gas  again  becomes  rapii 
— The  solution  of  pure  zinc  is  g:retttely  accelerated  by  binding  it  round 
with  platinum  vnrc.  (De  la  Rive.) 

When  four  balls  oi  zinc  of  equal  size  are  immersed  for  an  hoar  in  eooal 
quantities  of  dilute  sulphimc  acid,  coutaiued  in  four  vessels  of  equal     ""^ 
but  different  materials,  the  quantity  of  zinc  dissolved  in  the  glass  vc 
found  to  tKj  1'5,  in  the  silver  vessel  51,  in  the  gold  vessel  65,  and  in 
platinum  vessel  79  iiiilligrammcs.    On  l.>eing  afterwards  immersed  for  an 
hoHr  in  four  gluns  vosscIh  containing  equal  quantities  of  acid  of  the  same 
strength,  the  biiU  previously  immersed  m  the  other  glass  vessel  loses  1*J 
that  from  the  silver  vessel  fi,  from  the  gold  8,   and  from   the  platit 
11  milligram mos.     (Boucbanlat,  Ann,   CAm,  Phijs.  53,   284.)      [ll&d 
balls  the  same  temperature  in  the  second  experiment  f] 

Baits  of  zinc  immersed  for  the  same  time  in  dilute  sulphuric  odd, 
dilute  hydrochloric  acid,  or  solution  of  ammonia,  lose,  according  to 
Bouchardat,  the  fallowing  quantities,  varying  with  the  aaturo  of  the  con- 
taining vessel. 


y«8gclB.  Hyd.  so.    Sulph,  ac    Am. 

Olua 4  3 

SntpUur S  8  1 

Block  load ... .  10 

Titt 12  12  12 

Lead 14  28  15 

ADtimony  ....  41  38  18 

libmuOi 4fi  Sa  20 


YesseU.  Hyd.  ac.    Bolph.  me.  Am. 

Silver 68                05  « 

ttiild 62  100  U 

PlatiDam 66  !)«  27 

Copper 70  150  40 

Bran 184  ]»0  103 

Iroa ISO 


With  balls  of  commercial  zinc,  'the  loss  of  weight  in  dilute  sulphurio 
acid  in  a  quarter  of  an  hour  amounts,  in  glaas  vess^^tls  to  9,  in  sulphur  to 
lU,  in  leau  to  310,  in  antimony  to  350,  in  bismuth  to  342,  in  silver  to  66&t 
and  in  platinum  to  712.  (liouchardat.) 

Two  zinc  plates  of  equal  size  being  placed  in  dilute  sulphuric  acid 
(1  part  oil  of  vitriol  with  from  8  tx>  IG  of  water),  and  one  of  them  connected 
with  a  plate  of  poUshed  lead,  the  second  loses  much  less  weight  than  Um 
first  (this  is  contrary  to  Uouchardat's  statement) ;  with  hydrocldoric  acid 
an  opjxisite  result  is  obtained.  (Runge,  Pogg.  43,  581.) 
.  lo  obtain  amalgamated  zinc,  mercury  is  placed  upon  the  zinc,  together 
with  dilute  sulphuric  acid,  aod  Ivoth  liquidB  sf-iread  upon  the  \Atktc  br 
means  of  a  pad  of  cloth  or  Uneti,  the  acid  l)cing  from  time  to  time  rcuewoo* 
(Masson,  Ann.  Chtm.  Phys.  GO,  334.)  Or  the  twit  torn  of  a  ca}.)acion8 
bciug  covered  with  mercury  and  sulphuric  acid  poiu-cd  upon  it,  the 
plate  is  immersed  in  the  acid,  its  surface  touchuig  the  mercury, — tt 
after  two  or  three  hours,  and  afterwards  taken  out.  (Liebig,  Ami.  Pharm.  | 
111.)  [This  covering  of  the  zujc  with  mercury  de^uMKls  on  a  _ 
gnlrMiic  action.  The  mercury, — which  is  in  contact  with  the  zijic  at 
|)oint,  and  takes  up  the  negative  electricity  set  free  in  the  zinc, — inat 
uf  giving  rise  to  a  transposition  of  atoms  in  the  water,  attaclais  itself, 
coiiBoquonoo  of  its  mobility,  to  the  aduc,  and  thus  im{)art8  negative 
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tricity  directly  to  the  hydrogen-atom  of  tho  atom  of  water  which  has 
given  up  its  oxypcn  to  tlie  zinc] 

Anialgianiiitfii  idnc  when  alone  is  not  attached  l>y  dilute  Bnlphuric 
acid  J  but  when  it  is  connected  with  platiniun  or  other  metals,  a  powerful 
action  takes  place,  the  hydrog'cn  gas  being  wlioUy  evolved  on  the  surface 
of  the  platinum,  not  ujxm  the  zinc.  (Faraday.) — Amalgamated  zinc  im- 
mersed in  dilute  sidphm'Jc  acid  becomes  covered  after  a  time  with  gas- 
buhbU'B,  which  a<lhere  strongly  to  it ;  no  !o»s  of  weight  can  bo  detected 
in  the  zinc,  even  after  four-and-twenty  hours.  The  adhering  hydrogen 
gas  appears  then  to  protect  the  ainc  from  the  action  of  the  hquid.  When 
amalgamated  zinc  is  connected  with  platinum,  the  hydrogen  being  all 
transferred  Ui  the  f)latinnm,  the  zinc  is  dissolved.  If  the  dilute  snlplmric 
acid  contains  a  little  nitric  acid  mixed  with  it,  that  acid  converts  the 
hydrogen  into  ammonia,  and  then  the  amalgamated  zinc  dissolves,  even 
though  not  connected  with  platinum.  (Daniell,  De  la  Rive.)  [But  pnro 
zinc  hkewise  becomes  covered  with  bubbles,  and  dissolves  nevertheless.j 
— The  coating  of  mercury  makes  the  surface  of  the  zinc  uniform,  so  that 
the  alloys  possibly  contained  hi  it  cannot  give  rise  to  any  local  electro- 
chemical action  ;  it  therefore  makes  commercial  zinc  hke  ])ureziiic.  (Grove.) 
[But  pure  zinc  dissolves,  allhough  the  action  goes  on  slowly, — amalga- 
mated zinc  not  at  all.]  The  mercury  appears  to  prevent,  in  some  unknown 
manner,  the  direct  traoBfercuce  of  negative  eloctricity  from  the  zinc  to  tho 
hydrogen  (p.  345,  r,  5.) 

Amalgamated  zinc  in  dilute  sulphm-ic  acid  is  positive  towards  the  same 
metal  unamalgamated  (II.  Davy) ;  because  the  latter,  in  consequence  of 
the  strong  purely  chemical  action,  is  more  quickly  surrounded  with  satu- 
rated Hulphuj'ic  acid  [which,  however,  should  be  soonest  removed  by  the 
rapid  disengagement  of  gas].     (P^araday.) 

When  two  pieces  of  amalgamated  zinc  of  the  same  size  are  immersed 
in  dilute  sulphuric  acid,  and  one  of  them  is  connected  with  coppt^r,  tho 
latter  piece  loses  32'31  piirts  for  every  1  part  of  hydrogen  evolved  at  the 
surface  of  the  copjjcr  (1  at.  11.  to  1  at  Zn.),  while  the  other  piece  suffers 
no  diminution.    (Farjiday.) 

Amalgamated  zinc  produces  with  copper  a  much  more  copious  current 
than  ordinary  zinc.    (Poggendorff.) 

An  amxdgamated  zinc  plate,  connected  with  copper,  and  immersed  in 
dilute  sul[ihiuic  acid,  loses  more  weight  in  the  second  half  hour  than  in  the 
fust,  in  the  third  more  than  in  the  second,  and  so  on,  till  it  is  again 
amalgamated.     (Biuks.) 

Amalgamated  zinc  in  dilute  sulphuric  acid,  in  connection  with  amal- 
gamated copper  which  dips  into  mercury,  or  only  with  amalgamated  pla- 
titium,  is  at  first  strtmgiy  positive, — hut  the  current  ceases  in  a  few 
minutes:  but  on  replacing  the  amalgamated  zinc  by  unamalgamated  pla- 
tjnmu,  a  current  in  the  contrary  direction  is  set  up.  The  amalgamated 
metal  is  positive.  The  mercury  probably  combines  with  hydrogen,  and 
thereby  becomes  as  strongly  positive  as  the  amalgamated  zinc.     (Grove.) 

Black  lead  or  freshly  ignited  gas-coko  placed  in  sulphmic  acid  with 
amalgamated  zinc  immediately  hberatee  hydrogen  gas;  [lorous  coke  and 
box-wood  charcoal,  on  the  contrarj*,  not  till  after  some  time,  because  they 
absorb  tfie  first  portions  of  liluirated  hydrogen.  If  the}'  are  then  placed 
by  themselves  in  a  solution  of  k'ad,  cjij>j>er,  mercury,  silver,  or  gold,  they 
become  covered  with  a  thin  metallic  fdm,  just  as  they  hberate  iodine  from 
iodic  acid.     Coke  retains  hyfli'ogen  f(jr  htrty-eiglit  houi*8,     (Smec.) 

Zinc  gives  with  irou  in  dilute  Bulphuric  acid  a  cuiTcnt  four  times  aa 


360 


ELECTRICITY. 


abundant  as  with  coppor,  the  size  of  the  platcB  beinp^  the  same  in 
cases, — so  that  a  ten-pair  bftttery  of  zinc  and  iron  yields  in  seven  minai 
(if  the  jKilar  wires  are  made  to  dip  into  water)  as  much  detonating'  jjr*s  aS 
a  battoiy  of  zinc  atid  c<jppcr  of  tlie  Rame  dimensions.  But  it  is  only  the 
quantity  of  the  olecfrie  current  that  is  preater  in  the  case  of  zinc  and  iron ; 
the  tension  is  smaller.  At  the  first  moment  of  immersion,  the  quantity 
alao  is  greater  with  zinc  and  cnpjxT;  hut  the  copper  soon  becomes  covered 
with  li  dark  film  of  oxiile  [sulphide?],  while  the  iron  remains  deany — 
and  this  lilin  interferes  with  tlie  electrical  conduction  between  the  copper 
and  the  Ii([ui<L  When  a  pair  of  zinc  and  iron  plates,  and  a  jiair  of  stinc  aad 
copper,  arc  left  in  action  for  twelve  hours,  the  following  loss  of  metal 
is  observed :  Copper,  0  ;  zinc  coimected  with  it,  9fi  grains  ;  iron,  6  grains; 
zinc  connected  with  it,  74  gniins.  It  appears,  then,  that  a  small  iiiiantity 
of  iron  is  dissolved ;  and  of  the  zinc  connected  with  copper  more  than 
of  the  other  zinc, —  and  yet  the  qnantity  of  the  current  is  g'water 
with  zinc  and  iron,  [llenee,  zinc  and  coppxjr  produce  a  greater  amount 
of  purely  chemical  action.]  (Martyu  Roberts,  PfUl.  Mag.  J.  16,  142; 
19,  106.) 

Zinc  and  iron  i>mduce  a  more  copious  current  than  even  zinc  and 
frilver  or  z'mc  and  platinum,  both  in  dilute  sulphuric  and  dilute  nitric  acid; 
and  the  plates  of  the  zinc  and  |>latinum  i>air  must  have  a  surface  three 
times  as  great  as  that  of  the  zinc  and  iron  to  yield  the  same  quantity  of 
electricity.  But  the  intensity  of  tlie  current  excited  by  zinc  and  iron  is 
smaller.  If  the  quantity  of  electricity  yielded  by  zinc  and  iron  bo  200, 
that  yielded  by  zinc  and  eop]x>r  is  100 :  when  the  plates  are  connected  by 
a  wire  50  feet  long,  the  quantity  yielded  by  zinc  and  iron  is  33'7,  and  by 
zinc  and  copper  18.  The  resistance  of  the  long  wirt's  diminishes  there- 
fore, the  quantity  yielded  by  zinc  and  iron  from  100  to  18,  and  by 
zinc  and  copper,  from  100  to  18.— "Wlien  the  (tlates  are  connected  by 
a  fine  wire  2000  feet  long,  the  quantity  of  electricity  j-ielded  by  zinc  and 
iron  is  to  that  furnisheii  by  the  zinc  and  copp>Br  as  lOoO:  1678.  With 
amalgamated  iron,  zinc  yields  a  much  feebler  current  than  with  common 
iron.     (l'oggendf>rff.) 

Giitthng  {Glib.  28,  475)  constrocted  a  powerful  pile  with  platea  of  iron 
covered  with  zinc  on  one  side,  and  tiioistened  pieces  of  cloth. 

Cadmium  is  jMisitive  towards  iron  in  dilute  sulphuric  acid,  and  yields 
400  times  more  electricity  than  cop|)cr  with  platinum.  Nevertheless, 
more  iri.n  than  cadmium  is  dissolved.  (Poggendorff.)  [This  desenrw 
altenti(m.]  ^i 

Tin  is  jKisitive  with  lead  in  concentrated  aqueous  solution  of  oxal[^^| 
or  tartaric  acid,  negative  in  very  dilute   sululions.     (Fechner.) — Tin^B 
positive  with  irrm   or  cop|)er  in  dilute  acid  (De  la  Rive);  and  a  steel  wire 
amscipently  remains  bright,  and  loses  no  weight,  when  placed  io  ooutoct 
with  tin  under  dilute  hydrochloric  acid.  (J.  Davy.) 

The  following  are  the  weights  lost  by  tin  balls  of  equal  size  placed  for 
an  hour  in  very  dilute  hydrochlnric  acid,  contained  in  vessel  of  different 


iron  is,  after  the  first  raomimt,  positive  towards  lea<l.     (Wetzlar)  [ 

the  lea<l  quite  cloan  ?]. — Iron,  when  in  contact  with  lead,  dissolves  more 
slowly  in  dilute  sulphuric  acid  than  when  alone :  after  a  few  duv^  the 
iroD  bccooieu  dull,  and  covered  with  nulphato  of  lead.    In  dilute' hydxo* 


TWO    METAI.S   WITH    D[LLTE   ACIDS.  361 

cliloric  add,  on  tl;o  contrary,  tl»e  solutiun  of  iiou  ia  accelerated  by  contact 
with  Jcatl.     (Ruuge.) 

In  cold  diluti)  sulphuric  acid,  tin  is  feebly  positive  towards  lead; 
Blightly  uegtitivc,  wh«ni  the  acid  is  warm.  Tuwards  iron,  tiu  i«  positive  in 
cold  acid,  often  slightly  (K'<rative  in  warm  acid.    (Faraday.) 

Antimony  in  dilute  Huljiliuric  acid  is  positive  towards  bisnmth. 
(Ffdmer.) 

Iron  in  dilute  add  ia  strongly  positive  towards  arsetiic.    (De  la  Rive.) 

Nickel  in  dilute  sulphuric  acid  is  positive  towards  antimony  and  bis- 
muth.    (De  la  llive.) 

CopjxT  in  dilute  acidH  is  positive  towards  silver  and  platinum ;  so  also 
is  silver  towards  platinum.     (Walckcr.) 

Gold  exerts  a  scarcely  perecptihlc  jK>Bitive  reaction  towards  platinum 
in  dilute  sufphuric  acid.  (Ritchie.)  In  dilute  sulphuric  acid  it  is  positive; 
in  dilute  liydrfKihloric  acid,  negiitive.  (Walcker.)— In  a  mixture  of  1  part 
oil  of  vitriid  and  KK)  water,  it  ia  at  firet  poKilive, — then,  after  several 
irumorHiitnB,  neutral,  and  subsetpiently  ncpativi*.     (Marianini,) 

PaliaiJium  gives  no  current  with  platinum  bi  pure  hydrochloric  add, 
but  bccmnes  positive  on  the  addition  of  nitric  acid,     (De  fa  Hive.) 

Anthracite  in  dilute  sulphuric  or  hydr<)chloric  acid  is  negative  towards 
copper,  silver,  or  platinum.     (Bect|uereL) 

Plutinunii  ifl  at  first  positive  towards  grapliite,  neutral  after  several 
immorsionB,  then  negative.  The  graphite  remains  unaltered :  but  the 
platinum  is  rendered  prjsitive  towards  other  platinum,  losing  this  property, 
nowevcr,  by  ignition  or  immersinn  in  biiling  water.  (Jold  and  silver 
exhibit  similar  relations  towards  giaphite,  but  in  a  lower  degree.  When 
platinum,  gold,  or  silver  is  immersed  in  contact  with  gra]iliite  till  it  ceases 
to  produce  detit'ction  of  the  iieeille,  and  then, — while  stil!  remaining  in  the 
acid — connected  for  a  short  time  with  zinc,  it  again  becomrs  positive  to 
graphite.  Possibly,  when  these  metals  are  placed  in  cinifuft  with  gmplute 
a  portion  of  oxygen  becomes  fixed  ujirtn  tlicni,  an<l  renders  them  more 
negative  ;  and  when  they  are  connected  with  zinc,  this  oxygen  is  removed 
by  the  hydrogen,  the  latter  then  accnniuluting  on  the  surface  of  the 
mctaJ :  for  jilatinum  which  has  been  in  contact  with  zinc  under  dilute 
acid  is  jjositive  towards  platinum  wliicb  has  not  been  so  treated.  (Ma- 
rian ini.) 

Platinum  is  feebly  positive  towards  jieroxtdo  of  manganese  in  dilute 
acid.  (De  la  Rive.) 

Pairs  of  plates  of  the  same  size  of  different  metals  immersed  in  very 
dilute  sulphuric  acid  produce  the  following  deflections  of  the  needle: 

Zinc  with  lead  9*0°,  with  iron  G'S",  with  cof'I*'^''"  *''0%  with  gold  G-0°, 
with  platinum  3•3^ — Tin  with  copf>er  ji-0%  with  silver  4'0°,  with  gold  or 
plaliuum  l-O". — Lead  \rith  mm  2-(f ;  with  copjier  5-3°,  with  silver  i-J", 
with  gold  1-5',  with  platinum  2-()^.— /ron  with  cooper  30°,  with  gold  or 

platinum   1-0^ — Copper  with  silver  'i-'i",   with  gold  or  platinnm  OS". 

SiU'er  with  gold  or  platinmn  ()-3°.  The  positive  metal  in  each  case  has  its 
name  (irint^d  in  itdiici. — These  dcfiections  are  not  in  accordance  with  the 
tbenrj'  of  contact.  The  i^mallest  deflections  are  those  obtained  with  pairs 
cuntahiing  gold  or  platinum; — it  ia  true  that  platinnm  diK'S  not  conduct 
BO  well  as  silver ;  but  gold  conducts  better — and  yt't  copi>er  aiid  silver, 
give  a  stronger  deflection  than  copper  and  gold,  (Marianiui.) 

Electrical  series  of  perfect  conductors  in  dilute  acids, — each  body  of 
the  series  being  negative  with  those  which  precede,  and  positive  with 
those  which  follow  it : 
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According  to  Sir  H.  Davy :  Potassium  and  its  amalgam,  bariam  and 
its  amalgam,  zinc-amal^^am,  zinc,  ammonimn-amalgam,  cadmium,  tin,  iron, 
bijimutli,  antimony,  lead,  copiter,  Hilver,  palladium,  tellurium,  gfAd,  plati- 
num, iriiliurn,  rliodium.  Kullcd  coppi^r  is  positive  towards  that  wbich 
contains  carbon  (iivorpoled) ;  this  towarda  the  same  metal  containing  sub- 
oxide (underp<iled) ;  and  this  towards  ctfpper  containing-  Un. 

According  to  Faraday :  in  a  mixture  of  one  measure  of  oil  of  vitriol 
with  one  measure  of  water  :  Zinc,  cadmium,  tin,  lead,  iron,  nickel,  bismuth, 
antimony,  cfipper,  silver. 

Aoa.iniing  to  PfaEf :  Zinc,  cadmium,  tin,  lead,  tungsten,  iron,  bismuth, 
antimony,  copper,  silver,  gold,  tellurium,  platinum,  palladium. 

Acctirding  to  Marianini, — in  very  dilute  sulphuric  acid:  Zinc,  <^ar* 
coal  immediatt'ly  after  being  oxiled  in  water  (containing  hydrogen  there- 
fore) polished  lead,  tin,  manganese,  tarnished  lead,  iron,  ma^etic  iron  on?, 
brass,  copjier :  brass,  very  much  corroded,  bismuth,  nickel,  charcoal  »hiq 
after  l)eing  quenched  in  water,  bright  antimony,  tinstone,  native  sulphide 
of  molybdenum,  bright  arsenic,  tarnished  antimony,  silver,  mercuiy, 
tarnished  arsenic  and  arsenical  silver,  rod  silver,  galena,  freshly  prepared 
charcoal,  copjxjr-nickel,  copper-glance,  arsenical  cobalt,  black  tellnriiuu, 
copper  pyrites,  platinum,  gold,  auriferous  native  tellurimn,  cubical  iron 
pyntes,  graphite,  arscQical  pyrites,  magnetic  pyrites,  amorphous  iroa 
pyrites,  peroxide  of  mangtinese,  charcoal  long  exjxjsed  to  the  air. 

ExperimeTUa  tenth  Concentrated  Ifydrocfiloric  Add.  Zinc  gives  with 
platinum  a  current  which  is  feeble  as  long  as  the  chemical  action  continui.>8 
powerful,  but  becomes  strrmger  as  the  chemical  action  diminishes.  (Pfaff.) 

Tin  is  negative  with  lead  at  the  beginning  of  the  action,  but  after- 
wards becomes  permanently  positive,  because  the  lead  acquires  a  coating 
of  chloriJij  of  lead. — Nickel  is  positive  towards  antimony  and  negative  to 
bismuth.  (Faraday.) 

In  fuming  hydrochloric  acid,  bismuth  and  copper  are  positive  towards 
antimony  :  bismuth  is  first  jwaidve  towards  copper,  and  aflerw^arda  ncga- 
tive.  (FL-elmer.) 

Platinum  is  very  feebly  positive  towarda  gold  in  concentrated  hydro- 
chloric acid  (Walcker,  Fechner.) 

When  copper  or  silver  is  fastened  to  anthracite  by  means  of  a  wire 
under  strong  hydrochloric  acid,  diehlorido  of  copjxjr  m  tetraliedrons  or 
cliloiide  of  sdver  in  trans])arent  octohodrons,  is  after  a  time  deposited  on 
the  metal  which  remains  positive — while  carburetted  [?J  hydmgen  gas  is 
evolved  at  the  surface  of  the  anthracite.  (Becquerel.) 

Platinum  is  strongly  positive  towards  peroxide  of  mangaaese  chlorine 
being  evolved  and  chloride  of  manganese  produced. 

Electrical  series  of  metals  in  hydrfw^hloric  acid,  according  to  Faraday : 
Zinc,  cadmium,  tin,  lead,  iron,  copper,  bismuth,  nickel,  silver,  autiin«uiy. 


ExperimfrU»  with   Oil  of  Vlt 
negative  towards  lead,  then  n 


'Itriol.  In  fuming  sulphuric  acid,  zinc  is  first 
neutral,  then  jjositive, — Zinc  is  negative  to 
tin  and  remains  so  on  moderate  dilution  of  the  acid ;  whereas  thf  fresh 
zinc  in  the  same  mixture  would  be  iiositive  towards  tin  : — Zinc  or  tin  is 
positive  towanls  iron ; — bismuth  po«iti>"e  towards  mne,  lead,  or  untimony ; 
—bismuth  towanis  tin,  Orst  positive,  then  negative.  (Fechner.) 

A  pair  of  zinc  and  copijcr  in  oil  of  vitriol  produces  a  current  which, 
t<ig«.'ther  with  the  accomjianying  development  of  gus  on  the  zinc,  aooii 
ocmmm.  Breaking  the  cirauit  does  not  restore  the  current :  agitation  on 
ttie  •wfaoe  of  the  zinc  restores  it  partially ;  but  a  drop  of  >vat^'r  on  the 
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zinc  side  [wbicli  dissolves  the  incruBtiiig  sulphate  oi  zinc]  immediately 
excites  a  ciimMit  and  an  evolution  of  gas.  (Rosenschold.) 

Zinc  heated  by  itself  in  oil  of  vitriol  to  240°  dissolvefi  quickly,  witU 
evolution  of  hydrogen  and  siilphurouH  acid  gas  ;  brought  into  contact  with 
platinum,  it  takeH  thren  tinit-H  as  long  to  disfiolvo, — and  the  gas,  which  is 
wholly  evidved  on  the  surface  of  the  j»latiiiuni,  is  nearly  pure  sulphurous 
ucid.  (Andrews.) 

hiMXii  ill  oil  of  vitriol  remains  positive  towards  platinum  for  eight  days. 
(PfaCf.J 

Silver  in  oil  of  vitriol  \n  positive,  gold  negative  towai'de  platinum. 
(Walcker.) — Charcoal  ia  negative  towards  platujum.  (Walcker,) — Oliar- 
coal  ifl  veiy  strongly  positive  towards  platinum  when  the  oil  of  vitriol  is 
hcat4-d  to  liutvvtH-n  100°  or  l.'iO^  at  which  temperature  the  charcoal  is 
powt-rfnlly  attacked  by  the  acid.  (De  hi  Hive.) 

E-rperimaUa  with  Dilute  Nitric  Acid.  Zinc  it)  strongly  positive  towards 
CJidmium. — Iron  and  nickel  are  pcniianently  jwisitive  with  copper,  anti- 
mniiy,  luul  bismuth.  (Faraday.) — Wicn  zinc  is  connected  with  metallic 
lead  in  a  mixture  of  nuv  part  nitric  acid  of  1'3  Bp.  gr.  and  4  parts  water, 
a  pfirtiou  of  lead  is  dissfilved  as  well  as  zinc;  and,  if  the  zinc  be  in  the 
up[*er  i>art  of  the  lir|uid,  aSead-tree  is  formed.  (Runge.)  [Were  the  metals 
its  intimate  contact?]  Luad  is  [>ositive  towards  irtui  and  copper,  and  is 
very  strongly  acted  Up<m  when  joined  with  tlioni, — (.Jold  and  platinum 
when  united  give  no  current  at  first;  but  when  they  have  been  kept 
separate  ior  some  time  in  the  acid  and  are  then  miited,  the  gold  becomes 
positive.  (Becquerel.) 

Platinum  is  positive  towards  peroxide  of  lead,  the  ciurent  continuing 
till  alt  the  {jfroside  of  lead  has  disapjieared.  (Schiitilxiin.) 

Electrical  series  acconhtig  tt;)  Uc  taKive:  Zinc,  tin,  mci'cury,  lead, 
iron,  jMiroxide  of  iron,  copper,  silver. 

According  to  Faraday  (one  measure  of  concentrated  nitritjacid  with  7  of 
water) :  Zinc,  cadmium,  lead,  tin,  iron,  uickel,  bismuth,  antimony,  copper, 
silver. 

ExperimaUa  with  Concentrated  Nitric  Add.- — Many  metals  when  immersed 
in  thifl  acid  undergo  a  change  of  state;  they  ItecKine  more  electro-nega- 
tive, less  oxidable,  and  lose,  either  wholly  or  for  the  most  part,  their 
tendency  to  decompose  acids  and  metallic  oxides;  they  pass  from  thou* 
ordinary  acfur  state  into  a  powrre  state.  This  was  first  shown  by  Keir, 
with  respect  to  iron  immersed  in  solution  of  nitrate  of  silver  or  fuming 
nitric  acid;  and  the  subject  was  followed  ui>  liy  HerscJiol,  Wetzlar, 
Faraday,  Mouswjn,  Andrews,  and  particularly  by  Schonbein.  It  is  [jrr)- 
bablc  that  some  of  the  facts  relating  to  tiiis  matter  may  not  be  i>f  galvanic 
luiture;  but  they  are  so  closely  connected  with  galvanism,  that  it  would 
not  be  convenient  to  consider  them  apart  fnmi  that  subject. 

Zinc  cannot  bo  rendered  permanently  passive.  So  long,  however,  as 
it  is  kt"[it  in  contjict  with  platinum  in  nitric  iicid  of  sp.  gr.  1*5,  it  dissolves 
much  more  slowly  than  under  ordinary  circumstances.  (Andrews.) — In 
strong  nitric  acid,  it  is  powerfully  negative  towards  cadmium,  (Faraday.) 

Tin  in  the  shajjeof  fuil  undergoes  no  chaiige  iij  nitric  acid  of  sp.  gr.  1'5 
even  wlien  Ixtiled  for  10  iniinjtes;  wliereas  dilute  nitric  acid  immediately 
converts  it  into  the  hydrated  ptiroxide,  the  action  being  attended  with 
vidlent  heat  and  e\olution  of  gas.  When  tinfoil  is  dipiied  into  acid 
of  sp.  gr.  1'5,  and  then  taken  out,  oxidation  begins  after  a  few  seconds 
at  a  single  point,  and   spreads   rapidly  over  all   the  parts   that   have 
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been  wetted  Tliia  oxidation  \a  iiol  bmaglit  about  by  the  mcMstnne 
Uio  air  or  by  tJie  oxy^^eti  contained  in  it :  for  it  liki-wise  takes  phux  in  i 
dried  by  cliloride  of  calcium,  or  in  hydi-og-eu  gas.  Ilcnce  the  strong 
ilocH  not  oxidize  tin  when  it  covers  that  mct«l  in  large  qnaiitity, 
readily  when  spread  over  it  in  a  thin  film.  (Schonbein.)  [But  cmmtil 
tinfoil  wetted  with  a  very  small  quantity  of  nitric  add  likewise  remr* 
unattiickcd.] 

In  nitric  acid  of  such  a  strength  as  not  to  attack  iron,  bnt  to  ao 
rupidly  upon  tin,  the  latter  romaiii.s  almost  j)a8sive — if,  before  iniine»w«>i 
it  be  comu-iited,  eitlior  immediately  or  by  the  galvanometer,  with  a  pre* 
victusly  iinmersc'd  strip  of  platti4uni.  Positive  electricity  then  gttes  frt 
the  platinum  through  the  galvanometer  to  the  tin,  and  small  (»eoes 
oxide  Be|>arato  from  the  latter.  The  tin  thus  treated  remainB  passive  ct 
after  being  separated  from  the  platinum ;  but  if  the  Bhghtest  motion  \n 
given  to  it,  or  if  the  fxart  of  tlie  metal  which  projects  from  the  liquid  h 
Wetted  with  nitric  acid,  rapiid  oxidation  soon  In-gins.  (Moiisaon.) 

Nitric  ac^id  c>f  b]).  gr.  !•.>  docB  not  act  up<in  tin,  even  when  the  metal 
is  iminorrted  in   it  for  weeks;   acid  r>f  Kp.  gr.  1*47  acts  violently.     Bat 
when  acid  of   the   last-mentioned   strength    is   amtained  in  a  platin 
vcHHcl  and  a  piece  of  tin  is  introduci-d  into  it  in  such  a  nuuiniT  lu 
touch  the  platinum  lx>fore  injmcrsinn,  the  lid  iH-comes  passive  and 
80  aflt^r  iKjing  separated  from  the  plutinuni,  (Andrews.) 

Till  in  contact  with  platinum  in  concentrated  nitric  acid  gives,  mr 
a  transient  current  when  agiluted.  (Faradaj',)  By  immersion  in  ni 
acid  in  connection  with  platinum,  tin  is  rendered  negative  towards 
metals  excepting  platinum.  (Bu^.) 

Lend  in  at  fir.st  negative  towards  copper  in  concentrated  nitric  ari 
afterwards  positive.  (Fechner.)  Towards  copper  it  is  negative.  (Do 
Rive.) 

Bismuth  immersed  in  nitric  acid  of  sp.  gr.  1  '5,  immediately  booo) 
passive,  so  that  a  small  piece  of  it  does  not  dissolve  oomfilctely  f«.>r  sovei 
we<»kfl.  In  acid  of  wp.  gr,  !  '4  it  disrtolves  nqijdly  with  cfi'erveHcence ;  bi 
on  touching  it  with  plutittuni,  thiH  action  ceases,  and  the  metal  ao<juire«  a 
peculiar  lustre.  If  the  platiuimi  be  then  rem«jved^  the  bismuth  some* 
times  becomes  active^  sometimes  passive.  In  the  latter  case,  it 
becomes  covered  with  a  dark  film,  which  suljscqueutly  tlissolvcs, — t! 
metal  once  more  acquiring  a  bright  surface  and  di«solving  very  slow' 
As  oiien  as  this  passive  bismuth,  while  under  the  acid,  is  toncliicd  wi' 
platinum,  and  then  separated,  the  black  film  agnin  apin-'ars,  but  is  » 
cecded  immediately  by  the  former  lustre.  Without  the  aid  of  plati 
also,  a  piece  of  bismuth  (weighing  \  grain)  will  often,  when  imioerasd 
nitric  acid  of  sp.  gr.  l'-4,  lH?giu  tfj  dissolve  M'ith  effervestx'nce.  and 
suddenly  become  imssive,  espnicially  when  the  li(|uid  is  agitated. 
UH'lted  tilsmuth  be  p)ured  nito  a  glass  tnb<'  and  AUmI  through  (in  the  tol 
after  tuwiting,  the  liled  surfsice  will  \m  ]»assi\  e  from  the  beginning  in 
of  sp.gr.  1*4.  Bismuth  also  IxHXimes  passive  in  acid  of  sp.gr.  1*4  w! 
used  as  the  positive  pole  of  a  battery  of  two  paira  of  plates.  (Andrews.) 

Bismuth   becomes   as   completely  passive  when   placed   by  itself 
lit  rung  fuming  nitric  acid  as  in  acid  of  sp.gr.  1*4,  in  contact  with 
tinum.     It  then  iiroduces  no  evolution  f>f  gas  in  acid  of  sp.  gr.  |-4»  b«t 
disi«oIves  gradually,  and  exhibits  a  |K)8itive  reaction  towards  pLatiti 
when  conue<:tc<l  %vith   it  thi-ough  the  me<liura  of  the  gnl\'auameter. — Ii 
iM'id  of  HTx  gr.  1-S,   bismuth  does  not   dissolve  in  the  slightest  degree 
ueverthclcsH  it  docs  not  become  paaBire,-~far,  on  being  svosequently  p< 
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acid  of  sp,  gT,  1  "4,  it  diHsoIvcs  aa  rajtiJly  as  under  ordinaiy  cu'cumstances. 
• — The  bkick  tilrn  iitid  subsequent  brigUtoiiiug  of  the  surface  of  bismuth  in 
acid  of  sp.  gT.  ri  lire  i>roduced,  not  ouly  when  the  metal  is  tnuehed  with 
platinum,  but  likewise  when  the  acid  or  the  bismuth  is  moved  with  a 
glBsa  rod.  Aa  long  as  the  black  film  remains,  the  fioiutjon  of  the  bismuth 
gncH  on  slowly;  and  as  long  as  the  bismuth  roiiiiiins  in  contact  with  tlie 
platinum,  gius  is  evolved  at  the  surface  of  the  latter  [Nitric  oxide  gaft'^J, 
(Schoijb<*in.) 

The  ra|)id  solution  of  bismuth  in  acid  of  8p.gr.  I '2  is  immediately 
checked  by  contact  with  jikttnuru  ;  but  the  bismuth  fitJU  continues  to 
dissolve,  though  stowly  and  without  effervescence;  it  beromee  black,  and 
is  pwilive  towards  platinmu.  Even  when  separated  from  tlie  phitinum, 
it  disaolvcK  but  Klowty.  (Noad), 

In  fuming  nitric  acid,  bismuth  is  RrHt  negative  towards  lead,  then 
poBitive,  tlien  pcnuaneiitty  negative.  (Fechuer.) 

Iron  may  be  rendered  paAnve  in  the  folluuiiig  ways: 
P.  1.  By  heating  it  in  the  air  till   it  becomes  coated  with  black  oxide. 
(Ilersdit!!,  Schoiiljein.)     When  one  end  of  the  wire  is  heated  till  it  oxi- 
dates, the  other  end,  wliich  does  not  appear  to  be  altered,  is  also  rendered 
passive,  (Faraday.) 

P.  2.  By  di}>|)ing  it  for  a  short  time  uit^)  fuming  nitric  acid  (Keir),  or 
nitric  acid  of  sjk  gr.  1*5,  or  into  a  mixture  i>f  nitric  acid  of  sp.  gr.  r35  and 
oil  of  vitriol  (Schonbein),  in  which  liquids  it  produces  no  evohltion  of  gas, 
even  from  thi!  beginning. 

P.  3.  By  immersion  in  nitric  acid  of  ap.  gr.  1'399,  in  which  it  at  first 
becomes  brown  and  evuIvcH  red  vaj-wjurs,  but  afterwards  acquires  a  bright 
inetftltic  lustre.  Sometimes  it  ac*|ulrcft  a  brown  surface  when  thus 
treated ;  but  if  withdi'awu  for  a  monicnt  from  the  acid  and  allowed  to 
fall  in  again  suddenly,  it  becomes  ((assive  in  half  a  second  and  acquires 
the  metallic  lustre.  With  a  somewhat  weaker  acid,  convulsive  intermia- 
sifins  of  effervescence  and  inaction  Buooeed  one  another  at  bitervals  of 
half  a  second  or  less — the  effervescence,  and  sul)sequentl)'  the  tranquil 
state,  progressing  from  one  end  of  the  wire  to  tlie  other.  (HerHchel.) 

P.  4.  A  wire  is  dipped  into  acid  of  1"35,  which  acts  violently  on  it, 
taken  out  aft<?r  a  second,  then  put  in  again,  and  sr*  on.  After  from  four 
to  six  immersions  and  extractions,  it  hecomes  more  passive  than  P  5. 
(Schonbcin,  Buff.) — In  acid  of  sp.  gr.  1-3,  iron  may  also  be  mside  (mssivo 
by  re|x?ated  immersion  and  extraction,  and  likewise  by  agitating  the 
liquid  for  some  time.  (Mousson.) 

P,  5.  In  a  mixture  of  one  i)art  nitric  acid  of  sp.  gr.  1-399  and  |  part 
water,  iron,  which  acts  violently,  is  placed  in  contact  with  |>tatiuuni :  the 
action  is  immediately  stopped  (in  weaker  acid  the  iron  do4.'s  not  lose  its 
activity).  Herschel. — Generally  speaking,  tlic  acid  acts  in  two  ways, 
violently  or  slowly,  acc<jrding  to  its  strength.  The  violent  action  which 
takes  place  in  the  weaker  acid  is  not  interrupted  by  platinum.  (^Biiff.) — 
Or  |>latinum  is  first  immersed  in  acid  of  sp.  gr.  1*35, — then  uron,  which  has 
previously  touched  the  platinum:  no  solution  takes  place.  Likewise, 
when  a  small  piece  of  gold-leaf  is  fastened  to  the  end  of  the  wire,  or  a 
trace  of  jjlatinum  precipitated  upon  it  by  momentary  immersion  in  grjlu- 
tion  of  chloride  of  platijiura,  the  iron  is  rendered  ]:)assii.'e  by  subsequent 
imntcrsion  in  acid  of  Bp.  gr.  1*35.  But  combination  with  platuium  has 
no  effect  in  acid  of  ap.  gr.  1'35  heated  to  75*  [(J.  ?],  or  in  mixtures  of  one 
part  acid  of  sp.  gr»  1*35,  and  {mm  1  to  1000  parts  of  water.  (Schbubein.) 
If  the  iron  be  connected  with  platinum  through  the  galvanometer, — then, 
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on  iMBening  the  metal  in  the  acid,  positive  electricity  goem 
at  first,  and  gpaiingiy  aTterwardsr  froiD  the  pktniimi,  tlmmsb  the  pk»> 
Dometer,  to  the  iron.  The  iron  does  not  beoome  rwnnplaitlj  paaHvetij 
the  carreDt  has  readied  its  minimnm.  If  its  ooanecticm  wmk  the 
trnom  be  interropted  before  this  takes  phoei,  tbe  iroa 
loses  its  passive  oonAtioD  in  the  add,  and  is  not  aftei  wanls 
makiDg  another  piece  of  iron  passive  (according'  to  P,  7.)  JBttg',—1 
also  rendered  passive  bj  platiniun,  gold,  gTaf>hite-.  or  (jiarcntX  in  a 
Spb  gr,  1*3.  Sifrer  acts  less  powerfollj. — A  steel  needle  diaaolwa  ' 
first  introdnoed  into  acid  of  sp.  gr.  1*3,  but  siUieeqaently  beooca 
from  the  action  of  the  graphite  which  separates  from  the  ste^ 
In  add  of  spu  gr.  1*904  an  iron  wire  is  D()t  pmtected  bj  bem^ 
round  with  p£atinTim  wire,  but,  on  the  contrary,  dissolved  motts  <;_ 
than  it  would  be  if  alone.  Bat  if  the  platinum  wire  be  first  inuneraedii 
the  acid,  and  then  the  iron  wire  bound  n'>und  with  it,  the  iron 
passive,  and  remains  ro  even  when  the  platinnm  is  removed — bat 
sGght  a  degree,  that  it  is  not  capable  of  imparting  (as  in  P.  7.  >  '^>^--  " 
state  to  another  iron  wire,  bnt  on  the  ojntraiy  renders  it  a< 
— If  the  pfisitivc  electricity  of  a  voltaic  pile  be  traiiinnitt4.'<i  ii.i.u^i 
iron  wire,  and  the  negative  electricity  thn^ngh  a  platinum  wire,  inli 
solution  of  acetate  of  I(^d,  the  iron  acquires  a  coating  of  penudde  of  Isal 
(which  acts  like  platinum),  and  is  thereby  rendered  very  paaaiw  in  nitrii 
add.  (Schonbein.) 

P.  6.  The  positive  electridty  of  a  voltaic  pile  is  conducted  into  ntt 
add  of  Bp.  gr.  1*35  through  an  iron  wire,  which  is  dipped  in  last, 
ail  the  other  parts  of  the  circuit  have  been  put  in  cf;>nnection, — the 
tive  electridty  being  conducted  by  a  platinum  wire.     If  the  iron  i 
niersed  before  the  platinum  wire,  it  does  not  become  passive,  bvt 
nues  to  dissolve.     (Schonbein.) 

P.  7-  By  conmiunication :  One  end  of  a  wire  being  rendered 
(P.  1)   by  Ignition,  this  end  dipped  first  into  add  of  8p.gr«  1*35, 
then  the  end  which  is  yet  active,  the  latter  also  beoomes  passivr. 
lurly,  with  two  wires  connected  without  the  add— the  i 
first  iinnierKed,  then  the  active  wire.  If  the  two  wires  arc  < 
the  me<liura  of  the  galvanometer,  positive  electridty  goes  for  a  Kh<irt 
from  P.  1,  through  the  galvanometer,  to  the  active  wire  (Schonbein). — P.I 
is  likewise  sufficiently  passive  to  impart  the  passive  state  to  active ' 
(Faraday);  so  likewise  is  P.  4  (Buff)  : — If  the  end  of  the  iron  wire  cot 
with  perf>xide  of  lead  {vid.  P.  5)  hi'  immersed  in  acid  of  sp.  gjr.  !■ 
then  tho  active  end,  the  latter  will  become  passive;  so  likewise 
other  iron  wire  ooiuiected  with  it.  (Schonbein.) 

If  the  ignited  end  of  the  wire  be  dipped  into  the  cup  n  '  ■*-"•  *»>. 
unignited  end  iuto  the  cup  b, — a  and  ft  being  filled  with  nit  ■  «ji 

gr.  1'3,  and  connected  with  a  short  wick  of  asbestos  salniiii<<i  wuli  th 
same  liquid,  tho  utkigiiitod  end  will  remain  active,  on  aoooont  of  the  dilt 
tion  of  the  Uquid.     Similarly,  when  a  i)latinnm  wire  is  substituted  for  tl 
asbetttoH  /< ;  but  if  the  connection  h  D.mBists  of  copjKT  or  brass,  or  if  oulj 
the  immersed  end  of  g  coriHisIs  of  copper  i>r  brass,  ai»d  the  iniinemcd  ctuf 
I  of  phitiiiuin  or  golci,^>r  if  h  coiisiHt  of  hu  iron   wire — tht?  end   wbkb 
dips  into  ft  having  Imxmi  ignited. — then,  iii>  first  immerRing  the  metal 
g  k,  afterwards  the  igiiil4>d  end  o,  und  histly,   the  utiiguited  end  op 
iron  wire. — the  ••mi  p  becomes  [lassive. — If    the  ignil^tt  and   unl£ 
4  the  irrni  win.' o;>  Im   first   inmtersed  in   the  cujis  aft,— tlioa- 
end  I  of  an  iron  wire  made  to  dip  iuto  ft,  and  lastly  the  ufili 
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end  (J  iTita  a,  thia  end  will  bocomo  passive.  If  the  wire  g  h  ihc  active  at 
bdtli  cri<lH,  ami  it  he  di|ii|)c<l,  sifter  the  immnrsiou  of  the  wire  o  /),  tirst 
with  the  end  i  in  b,  thou  with  g  in  rt, — i"  will  intnicdiatcly  become  pas- 
bIvc,  the  end  17  remaining  aetive.  In  this  manner,  suveral  wln^H  may  be 
immersed  one  after  the  other,  and  made  ftassivc  at  the  immerBed  end  b. 
But  if  the  end  of  tlie  iron  wire  op,  wliicli  dips  into  a,  has  been  rendered 
passive,  not  by  igniliuii,  but  by  the  aetion  of  nitric  acid  (P.  2  or  P.  5), — 
then,  on  onnecting  the  cnps  a  b  in  the  manner  above  described,  by  meatiB 
of  an  active  iron  wire,  all  four  endw  become  active.     (Schiinbein.) 

Iron  rendered  passive  by  nitric  acid  exhibits  a  brighter  lustre  than 
Itefare.  (SehouUnn.)  P.  1  conducts  a  feeble  thenrjo-electric  current  per- 
ffftSj'  well ;  iron  made  passive  by  nitric  acid  omducts  it  \v,m  r^'udily  ;  but 
the  current  of  a  galvanic  circuit  is  c(*nducted  by  the  latter  fc-rfectty  well. 
(Faraday.)  [The  scale  oxide  of  iron,  with  wliich  P.  1  Ih  enerosted,  ia 
a  very  gDod  conductor;  specular  tr<u),  which  probably  envelopes  iron  ituulo 
passive  by  nitric  acid,  docs  not  conduct  so  well  (p.  3 10). J — Noad  omi* 
cltid(!S  Ivum  his  own  exj>erimeiits  that  iron  made  passive  by  nitric  acid 
cannot  be  regarded  as  a  coruiuctor,  even  for  the  gidvanic  current. 

P.  3  is  no  longer  attacked  by  nitric  acid  of  sp.  gr.  I"3y9,  not  even 
after  being  waslied  with  water  and  aniinonia,  or  exjiosed  to  the  air,  or 
p;ently  touched,  either  in  or  out  of  the  Jicid,  with  glass,  gold,  or  platinum ; 
but  brisk  rubbing  renders  it  active,  and  effervescence  ensues,  continuing 
till  the  iron  has  resumed  its  passive  state.  It  likewise  Irecomee  active  by 
beirtg  trjiiehed  under  the  acid  with  zinc,  antimony,  bismuth,  lead,  or  cop- 
[HT,  the  effervescence  spreading  out  from  the  point  of  contact  over  the 
whole  of  the  immersed  part. —  If  the  middle  of  the  wire.  P.  3,  be  covered 
with  wax,  both  ends  dipped  into  the  same  acid,  and  one  touched  with 
c<»p]M:!r,  bifth  become  active ;  but  if  the  end  not  touched  by  the  cop])er 
projects  above  the  acid,  tine  end  in  contact  with  the  copper  atone  becomes 
active.     (Ilersdiel.) 

P.  3  withstands  the  action  of  nitric  acid  tolerably  dihite ;  also  that  of 
acid  8p.  gr.  of  1-399  pretty  strongly  heated,  but  not  that  of  boiling  acid  ; 
wherea.s  P.  1  is  not  soluble  even  in  boiling  acid,     (Ilerschel.) 

Iron  wire  made  paBsive  by  ignition  is  rendered  active  again  by  rub- 
bing.    (Faraday.) 

Iron  made  passive  by  fuming  nitric  acid  remains  so,  eveu  when 
exposed  to  the  air  for  several  hours  or  even  days.     (Schonbcin.) 

Iron  rendered  passive  by  nitric  acid  loses  its  {jassivc  condition  com- 
pletely when  all  the  acid  is  washed  off.     (Buff.) 

Passive  iron  is  attacked  by  chlorine  gas,  bromine  vapour,  and  hydro- 
chloric acid,  and  n?gains  it.4  active  condition.     (Sehonbeiji.) 

Iron  made  passive  in  nitric  acid  regains  its  activity  when  it  ia  taken 
out  of  the  acid,  and  the  adliering  acid  removed  by  evaporation.  The 
wire,  while  fttiU  wet,  remains  paseive  in  contact  witli  glass,  woi>d,  paper, 
platinum, — but  becomes  active  by  contact  with  oxidable  metals ;  these 
produce  at  the  point  of  contact  a  dark  stain  of  oxide,  which  diffuses  itself 
over  the  whole  wire,     (Monsson.) 

P.  1  is  imssive  towards  nitric  acid  of  sp.  gr.  1'35,  even  wheu  heated; 
but  if  subsequently  heated  in  hydrogen  ga.<?,  it  recovers  its  activity.  Iron 
wire  plunged  in  a  state  of  ignition  into  nitric  acid  of  sp.  gr.  1*5,  gives  up 
no  iron  to  it,  even  after  5  muiutes'  boiling.  Iron  does  not  dissolve  in  acid 
of  sp.  gr.  1-5,  even  at  a  boiling  heat  [?]. — P.  2  does  not  dissolve  in  acid 
of  sp.  gr.  1*35,  even  boiling  ['?]. — It  P.  2  be  washed  with  water,  it  is 
attacked  with  violence  by  acid  of  sp.  gr.  1-86. — Passive  iron  d^^s  not 
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oeases.  But  as  soon  as  one  of  the  wires  is  touclicd  with  capper  or  active 
iron,  it  becouios  ituclf  acti\'f,  aud  jc^cnerates  a  new  current.  (Noud.) 
I  Puhotiiif}  action.  A  wire,  P,  4,  immersed  in  add  of  sp.  gr.  1-35  at  a 
rtemtKiraturc  bftxvecn  12^  and  IS*^,  and  placed  in  contact  for  a  short  time 
witlro  copptT  or  bmss  wire,  acquires  a  hIow  and  intemntting  activity, 
Similarly,  tlie  tw«)  ends  of  afork-shajjpd  wire,  P-  4, — one  end  being  in  con- 
tact with  Clipper  or  brass — become  iuterniittingly  active  (i.  e.  hberate 
ga«)  (it  intervals  of  u  hccoikI,  then  again  pus»ive,  and  so  on  for  sevenil 
altcrnationH,— after  which  they  generally  bcajrae  permanently  active, 
the  ;u;ti>  ity  extending  itself  from  the  eurfac-c  of  the  acid  to  the  lower  fiart 
of  the  wre.  In  other  cattes,  these  intcrmiHslonH  are  succeeded  by  a  per- 
manently passive  state,  which  ie  again  inteiTupted  by  contact  with  cop- 
pi-r,  ami  ini'iirialily  jvaBses  into  the  [)enna(ienfly  iite.live  wtate  liy  continued 
ci:)ntact  with  ci>p]jter. — If  sevcnit  wires  are  brought  into  the  pulsatory 
condition  in  the  tsame  Uquid,  their  pulsations  do  not  coiircidt?,  unless  they 
touch  one  another. 

The  higher  the  tenijteratiu^  of  the  acid,  the  greater  is  the  dilBculty  of 
inducing  the  pulsation :  above  a  certain  degree  of  heat,  copper  immo- 
diately  iuduocH  the  i>ennanently  active  Hlate.  Water  added  to  the  acid 
during  the  pulsation  always  increases  its  rajjiihty,  and  still  further  dilu- 
tion renders  the  activity  iterumneut.     (Schoul>ein.) 

When  the  pulsating  condition  is  prudtKX'd  in  acid  of  sp.  gr.  1-3  by 
contact  with  a  very  fine  eopfier  wire,  &  dark  film  of  oxide  is  observed  to 
commence  at  the  pfiint  of  contact,  and  extend  itself  in  all  directions  over 
the  wire  j  gas  is  evolved  on  the  j)art.  of  the  wire  thus  covcret),  and  the 
wire  behijid  it  recovei's  its  melaliic  lustre  : — then  a  second  dark  fihn  is 
produced,  attended  with  evolutitni  of  gas — and  then  the  bright  state  i"e- 
Bppears  witlmut  evolution  of  gas, — and  so  on.     (Mousson.) 

To  the  experiments  here  enumerated,  I  shall  further  add  some  of  luy 
own. 

Experiments  with  Iron  Wire  and  Acid  of  sp.  f/r.  1^5.  Wire  which  is 
passive  in  the  cold,  begins  to  evolve  gas  somewhat  under  HO";  at  100°, 
the  evolution  of  gas  goes  on  quietly  and  uniformly,  and  the  acid  Isroraea 
80  Btrongly  charged  with  oxitle  of  iron,  that  it  bec^Dmes  syrupy,  and,  on 
cooling,  solidifies  into  a  yellnwish  bruvvu  fibrous  niaKS  (which,  when  ilis- 
Bolved  in  water,  deposits  brtiwii  fl.akes  on  Imiling). — If  the  acid  be  heated 
to  viulent  ebullition  in  contiiet  with  tlie  wire,  it  assumes  the  pulsating 
state,  siunetimes  iuunediately,  sometimes  after  Intig  boiUiig.  A  bundle 
of  wires  may  also  t»e  Imiught  into  this  state  by  heating  the  acid  even  in 
the  water-bath,  bi'canse  the  solution  of  the  large  ipiantity  of  inui  fur- 
nished by  tlio  wires  raises  the  temperature.  Pulsating  wire  prodiiceH,  at 
100",  a  stronger  evolution  of  gas  than  wire  not  hi  that  condition;  the  evo- 
lution of  gas  gradually  increases  from  ab<jve  duwn^vards  (sonictinies  the 
reverst?))  aud  after  a  time  experienajs  a  sudden  augmentation,  attemled 
with  the  ftirmation  of  large  bubbles, — sonielimes  causing  the  acid  to  l>e 
thrown  imt  i»f  the  vessel ;  it  then  diminislies,  and,  after  a  cxiiTos{xmding 
interval,  again  rises  almost  to  expk)sion,  and  so  on.  The  intervals  are 
shorter  iu  [iroportion  iw  the  acid  is  less  charged  with  u'on  ;  with  acid  very 
much  saturated,  the  })ulsation  is  less  evident. — When  the  pulsating  and 
tlie  active  end  of  an  iron  wire  are  immersed  in  acid  at  100",  the  former 
often  |>ulsate>?  for  a  time  by  itself,  then  the  other  end  also,  aud  bnlh  iit 
equal  (inies. — If  the  wire  be  taken  out  liefore  the  pulsation  begins,  the 
pulsating  end  iuunediately  becomes  covered  with  a  brown  tilm,  wlulst  the 
other  end  remains  blight;  but  after  puhiatiou,  Loth  ends  become  brown 
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on  exposure  to  the  air.     Wlieii  a  pulsatiug  and  a  non-pul satin j^  wire 

connected  witti  the  giilvanomcter,  the  former  is  found  to  \te  powtirp. 
100",  towardfi  the  lattor.     The  deflection  increases  till  pnlsation  hv 
upon  whtcli  the  needle  suddenly  retrogradetj.     (Gm.) 

Ejrperhne»t»  tvifk  Iron  redured  /mm   tkr  .«tate  of  Peroxide  In/  fh 

gas.      A  large   quantity  of  finely  divided  iron  introdiiced   into  a 

quantity  of  nitric  acid  of  sp.  gr.  1*5  ])i>iduces  a  violent  efforvoHoence. 

effect  is  kept  up  for  some  time,  in  consequence  of  the  ris*.*  of  teui\ 

,  which  ensues,  hut  gradually  dimiriLshes  as  the  liqidd  cools  ;  so  that 

itity  of   iron   renmins  tindi.sstilved :  tliis,  however,  dieappca 

'ptetely  on  heating  the  acid  in  the  water-iiiith.     Finely  divided  irf>n, 

by  small  (juantitieB  at  a  time  into  acid  c<toled  hy  snow,  prodiicX'S 

vosccnce  on  each  addition ;  tlu»,  however,  swin  ceases. — so  that  a 

quantity  of  iron  may,  by  little  and  little,  he  introduced  into  the 

without  causing  any  cousiderahie  actitJii.     If  the  acid  l)e  now  poured 

and  water  [loured  upon  the  powder,  vinlent  effervescence  etisucs.     But 

the  |>owder  be  freed  from  adljering  acid,  by  transfeiTing  it  to  a 

gypsum,  and,  when  nearly  dry,  intnwluced  by  small  portions  at 

into  w^ter  which  has  been  boiled  and  cooled  ;  it  will,  when   thus 

commnnicate  a  dee])  red  colonr  to  a  mixture  <»f  hydrfichloric 

sulphocyanido   of   {.xitassiutJi  (whieh  colour  gradually  disa]>pear¥s 

metallic  iron  dissolves), — whereas,  reduced  inm  not  treated   with  m't 

acid  scarcely  reddens  the  same  mixture.     If  the  jwwder,  freed  by  gyj>H 

land  water  from  adhering  acid,  be  <bicd  in  a  glass  tul:>e  by  a  cuiTcnt  of 

I  hydrogen  gas,  continued  for  several  days,  first  at  the  ordinary  t* 

^ture,  tlien  at  gentle  heat,  and  finally  heated  to  redness  in  the  s 

pas, — a  considerable  quantity  of  water  is  immediately  deposited 

nissiiig  noise  caused  by  the  powder  even  in  cmiceutrated  nitric  ac) 

experiment  with  sul[ihocyanide  of  p(»tassium,  and  that  with  hydrogen  gfaa 

are  in  favour  of  the  supposition  tliat  a  film  of  peroxide  of  iron  is  formed.' 

<Gm.)  ^  '™ 

[The  passive  condition  of  iron  treated  with  nitric  acid,  nitratis 
silver,  Ac,  probaVily  arises, —  according  to  Faraday's  earlier  view  (which, 
however,  he  afterwards  slightly  modilied,  Phil.  Mag.  J.  10,  7^), — fromt 
formation  of  a  thin  fihii  of  anhydrous  oxide  of  iron,  analogous  to  spoi 
cular  iron.  This  view  is  supported  by  the  fact  that  iron  which  has  hcea 
ignited,  and  is  therefore  completely  covered  with  black  oxide  (K«'*0*)^ 
exhibits  precisely  the  same  characters, — excepting  that,  from  the  greateC 
thickness  of  the  coating,  its  passive  condition  is  more  «>mplete, — and  tlial 
iron  becomes  fiassivo  only  in  liquids  which  readily  give  up  oxyg».'n 
thin  a  film  of  specular  iron  cannot  dewtroy,  but  merely  niooify,  lh««  liietri 
of  liie  metal.  Now  this  wattng  almost  wholly  resists  the  solvent  ttcti< 
of  cold  strong  nitric  acid;  hence  it  prevents  tlie  acid  from  coining  i 
cx)ntact  witli  the  rest  of  the  iron,  and  consequently  it«  further 
When  the  acid  is  heated,  and  |>iirtly  dissolves  off  the  coating, 
one  is  immediately  fonned  by  its  action  on  tlie  exposed  iron.  In  » 
ep.  gi*.  1*5  the  fontiation  of  this  coating  takes  platx*  imiDediati>Iy 
of  riiS,  contact  with  platinum,  &c.,  is  nect'ssary,  the  second  metal  oervtng 
''tti  c<nivey  the  negative  elet;tricity  sot  free  ui  the  iron  to  the  nitric  «>xide, 
and  thereby  facilitating  the  ajmhination  of  the  iron  with  i'  •  n  of 

the  iK:id  (p.  341,  if).     A  similar  effect  is  pmduced  by  the  el.  rent 

of  a  voltaic  battery,  if  the  iron  p«invevs  jKtsilive  electricity  iut<t  ihe  nit 
acid.  (>xi«hil>le  metals,  on  the  eoiitmry.  snch  ns  rop|X'r,  dcAtmy  t 
piuwive  state  of  iron  :  for  while  they  take  up  the  oxygen  of  the  nitfic 
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they  conduct  negative  electricity  to  the  iron,  towards  which,  therefore, 
the  nitric  oxide  is  transferred;  and  thus  coming  in  contact  with  tlie  iihn 
of  oxide,  decomposes  it  hy  abstracting  its  oxygen.  Iron  wliicli  is  highly 
jiiiKsive — oftpecially  that  which  hua  been  ignited,  and  is  tiierefore  covered 
with  a  thick  film  of  oxide — is  capable  of  inducing  the  passive  state  in  iron 
which  is  connected  with  it, — acting  in  fact  like  platinum;  it  is  true  that 
it  hereby  Iciffies  a  pt")rtion  of  its  cox^ering  of  oxide,  just  as  it  docs  when  in 
contact  with  copj>er ;  but  since  this  coating  iw  of  conHideralde  thickness, 
the  other  iron  becomes  passive,  sooner  than  that  which  is  already  {tasRive 
can  be  rendered  actix'c.  On  the  •■)ther  hand,  iron  Ipsb  cunipletely  passive 
iK'ComcB  active  by  connection  with  iron  already  in  a  state  of  activity, — 
inasmuch  as  it  loses  its  passive  character  tx'fore  the  active  iron  has 
acqnired  a  coating  of  oxide  suiHcient  to  render  it  passive.  Dilute  nitric 
acid,  hydrochloric  acid,  all  acids,  in  short,  by  which  oxide  of  iron  ih  easily 
disHoIved,  destroy  tht;  fjassive  state  by  removing  the  oxide.  Tlie  reniark- 
nble  ])henornena  of  pulsation  must,  on  this  hyiKithesis,  be  attributed  to 
tlie  raj)id  formation  and  subsefiuent  solution  of  the  film  of  oxide.  Even  if 
cdiiiplete  explanatiiuj  be  uiiattaiuablc  at  ynesent,  it  may  yet  be  hoi>ed  that 
this  mode  of  explaimtiDU — which  is  likewise  ap|ilicah!e  to  the  other  passive 
metals — will,  on  more  exact  investigations,  be  foimd  tn  embrace  the  wlmle 
of  the  facta  relating  to  the  luissive  cxjndition  of  iron.  —  Mousson  attributes 
the  passive  state  of  iron  to  a  covering  of  nitrous  acid ;  Wetzlar  and 
Sch(5niH.'in  to  a  peculiar  electro-djniamic  condition  into  which  they  suppose 
the  iron  to  be  brought.] 

In  concentrated  nitric  acid,  iron  is  negative  towards  antimony,  liLsmuth, 
copi)er,  and  silver, — positive  towards  gold  and  [ihitinuni.  (Fi-chner.) — In 
nitric  acid  of  sp,  gr.  l-o  positive  electricity  pubises  at  the  first  moment 
from  the  platinum  through  the  galvanometer  iu  the  ii-on  ;  but  the  current 
soon  oeaees.  (Moussou.^ — In  concentrated  tntrie  acid  [p^jssibly  tint  the 
strongest],  iron  is  positive  towards  lead,  and  is  vioieiitly  attackt.-d. 
Towards  coj'^mt  it  is  often  negative  at  first ;  but,  with  the  suddenly  com- 
mencing rapid  solution  of  the  iron,  the  current  is  reversed.  (De  la  Rive.) 
— Passive  iron  is  negative  towards  active  iron,  copper,  and  silver. 
(Buff.) 

Active  iron  in  concentrated  nitric  acid  is  positive  for  the  first  instant 
tmvards  copper  and  silver,  but  soon  becomes  negative,  and  remains  so. 
In  acid  of  ap.  gr.  1-3,  active  iron  is  at  first  {jositive  towards  silver,  becomes 
negative  for  a  few  seconds,  then  again  positive,  and  so  on  alternately 
eight  or  nine  times,  till  at  length  it  becomes  {)eruianently  positive.  Passive 
iron  is  negative  towards  silver  in  acid  of  sp.  gr.  1"3;  but  the  action  con- 
tinually dimiiiLshes  in  energy,  and  finally  ceases  when  the  surface  of  the 
silver  [becomes  tarnished.     (Faraday.) 

Passive  iron  is  feebly  positive  towards  platinum  in  concentrated  nitric 
acid.  (Schijnhein.)  Active  iron  is  at  first  strongly  positive  towards 
platinum  in  acid  of  sf>.  gr.  1*3;  but  the  current  soon  ceases,  as  the  iron 
{jasses  hito  the  passive  state.  Passive  iron,  therefore,  gives  no  current 
with  platinum,  even  when  first  immersed  in  the  acid ;  but  whenever  tlie 
iivin  is  moved,  a  momentary  current  is  excited.  Steel  ^in  concentrated 
nitric  acid  remains  strongly  and  jx^rmanently  ftositive  towards  [>latinum 
fur  fourteen  daxK,  but  is  not  attacked  by  the  acid.     (PfafT.) 

If  act  iron  wire  couteil  with  peroxide  of  lead  (by  precipitation  fmrii 
sobilion  of  acetate  of  lead  in  the  voltaic  circuit)  be  connected,  through 
the  medium  iif  the  gfdvanometer,  with  an  active  iron  wire,  and  both 
wires  inuuersud  in  nitric  add  of  sp.  gr.  1*3;  positive  eloctricity  will  }>ass 
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— though  for  a  short  time  only — from  the  coated  wire,  through  the  gal- 
vanometer, to  the  otlier  wire,  which  liecomes  passive.  A  f€M?bk'  carront 
■  irobably  continues  in  the  Bsimc  direction  ;  the  peroxide  CTatiually  iUs- 
solvea ;  and  as  soon  as  the  last  trace  of  it  disappears,  the  iron  begins  t«i 
dissolve  also,     (Schonbeir».) 

Nickel  ia  negative  with  copper,  bismuth,  and  antimony  in  strottg 
nitric  aeid  j  with  silver  it  iw  at  iirnt  jxjsitivc  ;  then,  aa  it  becomes  coatud, 
negative.    (Faraday.) 

Cop})er  may  be  rendered  passive  in  the  same  manner  as  bianiuth,  ao 
that  it  will  dissolve  but  slowly  in  acid.     It  immediately  becomos  paatsive 
in  acid  of  «]).  gr.  Vo;  in  acid  vf  sp.  gr.  1'47  it  i»  at  fiiBt  violently  acted 
upony  and  then  becomes  passive.     If  previously  cfinnected  with  platinum, 
it  assumes  the  passive  condition  inuuediutely,   and  reiaiiiB  itH  lustre  an 
long  fi8  the  contact  lasts.     On  the  removal  of  the  platitiuni,  the  copper 
beconies  wtvered  with  a  black  Hhn,   which  ia  not  completely   renicived 
cither  by  the  action  of  the  acid,  or  by  renewed  contivct  with  |)latujuni. — 
In  acid  of  sp-  f^r.  1-4  contact  with  platinum  restrains  tlie  rapid  Hulution  uf 
the  copper,  and  imparts  a  shining  surface  to  it.     When  the  platuiuui  is 
removed,  the  copper  bea:)me8  covered  with  black  (txide,  which  dissolrfii^^ 
slowly ;  and  passive  copper,  possessing  a  blight  metallic  lustre,  n-niain^^H 
If  the  copjter  be  taken  out  of  the  acid  while  yet  covered  with  oxide,  th^^ 
acid  still  ndliering  to  it  rapidly  dissolves  the  oxide,  leaving  the  cop|jer  in 
the  active  state.    (^Vndrcwe.) 

A  thin  cojiper  wiie  smTounded  with  platinmu  wire  rcmains  bright  in 
strong  nitric  acid,  but  dissolves  on  the  removal  of  the  platinum.  If  botlt 
tim  copfxir  and  platiuura  wires  are  connected  with  the  galvauoraeter,  and 
dijjfKfd  into  tlie  acid,  a  fevv  bubblei*  of  gas  make  tlu'ir  apjiearanco — at  the 
begiimiug  only — on  the  surface  of  the  copjxT,  and  a  stronger  currcnl  ia 
excited ;  but  the  rapid  solution  iinuiediatt-ly  ceaacs,  and  only  a  feef 
though  constant,  cmrent  remains.     (Mousson.) 

Copper  is  positive  towards  bismuth  and  antimony  in  strong  nitric 
(Fechner.)— It  is  positive  towards  lead,  and  \^  at  first  violently  attacked, 
eifiibiting,  therefore,  the  reverse  of  its  action  in  dilute  acid.     (IX)  la  Rive.) 
— Towards  platinmn  it  is  highly  |H>sitive  (the  deviation  amounts  to  d(f  in 
nitric  acid,  and  to  40"  in  oil  of  vitriril.)    (De  la  Hive.) 

Gold  giv^es  no  current  with  platinum  in  pure  nitric  acid.     But  if  the 
gold  contains  copjxjr,  or  if  a  drop  of  h3'dr*>cliloric  acid  or  solution  of  com- 
mon salt  is  added  to  the  nitric  acid,  chemical  action  takes  \>\t\ce  u|>on  the 
gt)ld,  and  that  metal  becomes  fxisitive.     (Becquerel,  De  la  Rive.)     Gold  is 
likewifie  fiositive  towanls  ]ilatinurn  in  chlorine  water.     (Ritchits  A'.  JCd, «/, 
o/Sc,  2,  15U.) — In  pure  nitric  acid,  also,  gold  is  feebly  jKtsitive  tO' 
platinum.     (Feehner,  Marianini.)    (As  Marianini's  exfterinient  wan 
at  Venice,  the  sea  air  may  have  uitroduccd  a  trac"*^*  of  ulkaline  chloride 
into  the  acid.     Dr.  la  Bive.) — Platinum  gives  a  c«irrent  with  rluHhum 
nitric  acid,  only  on  the  addition  of  hydrochloric  acid, — tlie  [^atiiium 
Uien  positive.    (De  la  Rive.) 

Platinum  is  negative  towards  anthi-acito  in  nitric  add.    (Beoquerel.) 

Platinum  is  highly  positive  with  peroxide  of  mangttn<«c  in  ittron^f 
nitric  acid,  oxygen  gas  l»eing  evolved.     (Do  la  Rive.)     It  is  still  more 
highly  {^toHitivc  in  nitric  acid  mixed  with  alcohol,  or  in  a  mixture  of  hy 
nitric  acid  with  an  equal  quantity  of  wuter ;  in  tht!  last  caae,  the  (torox^ 
of  manganese  gives  up  oxygen  io  the  hji^nitric  acid.     (Faraday.) 

Hlatinnm  in  [xwitive  in  nitric  acid  towards  peroxide  of  lead,  which  at 
the  same  time  gradually  disappears  (it  is  likewu»e  slowly  soluble  in  nitric 
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acid  when  alone) ;  also  with  red  lead.  (De  la  Rive,  Faraday,  Schijubein.) 
Yellow  oxide  of  lead  and  white  lead,  on  the  contrary,  are  jioHitivo  towards 
platinum,  because  they  do  not  give  up  any  oxygen.  (Faraday.) — Passive 
iron  alao  is  strongly  jxisitive  towards  peroxide  (*f  lead  in  coucentnited 
nitric  acid.  With  [jeroxide  of  silver  in  concentrated  nitric  acid,  platinum 
Ib  Bomewhat  more  positive  than  with  peroxide  of  lead ;  and  the  latter  is 
positive  towards  pt^roxide  of  silver,  because  the  laBt-montiouod  oxide  gives 
up  its  oxygen  more  readily,    (Schonbehi.) 

Electrical  series  iii  nitric  acid  of  sp.  gr.  1'48 :  Cadmium,  ziiic,  lead,  tin, 
iron,  bismuth,  copper,  antimony,  mlver,  nickel.  (Fara<iay.) — In  nitric  acid 
of  sp.  gr.  1*5  :  Passive  iron,  platinum,  peroxide  of  lead,  peroxide  of  silver. 
(Schiinhcin.) — In  concontrated  acid :  Tin,  zinc,  irou^  copper,  lead,  mercury, 
Bilver,  [)eroxide  of  iron.     (De  la  Rive.) 

Erperimetits  with  Aqueom  Solution  of  Potash  or  Soda.  Potasaiiiin  or 
Bodium  is  positive  towards  zinc  in  concentrated  solution  of  potugh.  (H. 
Davy.) 

Amalgamated  zino  neither  disBolves  nor  catiBOB  any  evolution  of  gas 
in  solution  of  potasli :  as  soon  as  it  is  connected  with  platinum,  hydrogen 
gaa  is  evolved  at  the  surface  of  that  metal,  hut  more  Kluwly  than  in  tUliite 
sulphuric  acid,  the  quantity  of  gas  being  in  stoVchionietrical  ]>rri]x)rtion  to 
that  of  the  zinc  dissolved  (32*5  parts  of  zinc  to  1  part  of  hydrogen). 
(Faraday.) — When  zinc  ia  left  for  20  hours  in  a  solution  of  i»ne  part  of 
hytlrate  of  potash  in  4  parts  of  water,  the  weights  which  it  loses  when 
alone,  when  connected  with  platiniun,  and  when  connected  with  iron,  are 
aa  1  :  11  :  148.  Ilencc,  iron  exerts  the  strongest  action;  and  the  quiintity 
of  hydiogen  gas  evolved  at  its  surface  is  abundant  in  proportion.  (Kunge, 
Pogg.  It),  121).) — Zinc  gives  m  solution  of  potash  a  more  powerful  current 
with  iron,  than  with  copper,  silver,  or  platinum.     (Poggendorff.) 

Bismutb  and  antimony  in  caustic  potash  are  positive  towardn  nickel. 
^Faraday.) — 'Tin  is  positive  towards  iron  in  caustic  potash  or  lime-water. 
(J.  Davy.) — Pnlished  lead  is  positive  towards  iron  in  e^iiistic  jxitash  or 
lime-water;  tarnished  lead  negative.  (Yorke.) — Tui  and  iron  are  jwisitive 
towards  copper  in  solution  of  potash.  Iron  joined  with  |ilatinnm  in  solu- 
tion of  potash  produces  no  current,  and  remains  as  bright  as  if  it  were 
placed  alone  in  the  liquid ;  it  merely  booomos  oxidated  at  the  end  which 
projects  out  of  the  liquid-  (De  la  Kive.) — Iron  in  caustic  potash  is  lirst 
positive  towards  cop}K;r,  afterwards  negative  ;  with  platinum  il  is  iH>sitivo, 
— more  strongly,  in  proixirtion  a«  the  platinum  is  irnmcrsed  for  a  longer 
time  before  the  iron, — less  strongly,  in  proportion  as  the  iron  is  immeixed 
alone  for  a  longer  time.  (Fechner.) — Iron  or  nickel  gives  with  platintmu 
in  concentrated  f«>Uation  of  |M>tash,  a  very  feeble  current,  which  soon 
diminishes,  the  platinum  being  the  negative  metal.  In  a  dilute  solution,  tho 
current  in  likewise  very  feeble,  but  continues  for  a  longer  time.  (Fiiraday.) 

With  silver  and  platinum  the  current  is  Bcarcely  perceptible,  in  a  con- 
centrated solution,  and  absolutely  nothing  in  a  dilute  sohition.  (Faraday.^ 
— Silver  gives  no  current  with  platinum  in  alkatino  hquids.  (De  la  Rive.) 
• — When  copper  is  connected  with  silver  or  platinum  in  strong  solution  of 
Boda — the  latter  being  inimoreed  first — the  copptir  is  strongly  negative  at 
the  iM'giiining  of  the  motion,  but  ko(ht  becomes  p«>Hitive.  Silver  exhibits  a 
similar  action  with  platinum — whereas,  in  a  dilute  solution  of  soda,  it  is 
positive  from  the  beginning.  (Walcker.) — (jold  with  platinum  in  solution 
of  potash  continues  positive  for  several  days.     (Pfaff.) 

Platinum  is  positive  with  peroxide  of  manganese  in  solution  of  potash 
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(De  la  Rive,  Faraday) ;  more  strongly  on  the  addition  of  alcohol  (whidi 
exerts  a  deoxidizing'  action  on  the  jicrnxide  of  manganese).     Farada^^ 

Arsenic  is  strongly  {lositive  towards  iron  in  fused  hydrate  of  potash 
(the  contrary  in  acids).     De  la  Hive. 

ElectricaJ  sorieg  in  aqueous  solution  of  potash  or  soda:  The  alkali- 
metals  ami  their  ainaJgams,  srinc,  tin,  lead,  copper,  iron,  silver,  palladium, 
gold,  plutiuuiu.  (II.  Davy.) — In  solution  of  jxitash,  either  strong  or  wi'ak  : 
Zitic,  tin,  cadmium,  antimony,  lead,  bismuth,  iron,  copjjer,  nickel,  silvrr. 
(Faraday.) — In  solution  uf  p<»taah  or  soda  of  sp.  gr.  1-33  :  Tin.  ziiic,  anti- 
mony, lead,  cop[x^r,  gold,  plattnuni,  bismuth,  stecl^  silver.    ^Pfa£f.) 

Experiments  with  Ammonia.  Steel  becomes  passive  in  a  somewliat 
dilut<3  iscjlution  of  amnitmia,  but  not  for  so  long  a  time  ais  in  uitrato  uf 
silver.  (Wotzlar.)  [The  existonco  of  thin  passive  i;T)tuhti<»n  is  infcrr».*d  by 
Wetzlar  from  liiti  lia^ntig  observed  that  the  bar  of  iron  when  taken  out  of 
the  ammonia  and  dipjwul  into  a  solution  of  sulphate  of  cof)i)er,  docs  not 
begin  to  precipitate  the  copper  till  it  has  been  immersed  for  about  • 
minute.  But  the  ammonia  still  adhering  to  the  iron  causes  it  to  be  sur- 
rounded with  precipitated  oxido  of  copper,  and  this  prevents  the  action  for 
a  time.] 

Zinc  is  positive  towards  tin  and  copper;  tin  and  iron  ne^tivc  to 
cop[X!r,     (De  la  Rive.) 

Tin  is  positive  towards  copper  at  the  first  moment,  but  gradually 
becomes  negative.  (Fechner  asserts  the  contrary.)  The  same  relation  is 
exhibited  by  iron  towanla  copper, — exceptuig  that  in  this  coho  the  reversal 
of  tlie  current  takes  place  in  a  few  seconds.  (Marianini.)  Tiiis  change  of 
direction  is  attribiitt'd  by  Marianini  to  the  different  degrees  of  alteration 
which  ammonia  pro<iiicc8  in  the  surfaces  of  different  metals :  it  makes  tin 
more  utrongly  negative  tlian  coppt^r ; — for,  when  two  plates  of  tin  are  suc- 
cessively immersed  in  it,  the  one  which  is  first  inmiersed  exhibits  towards 
the  other  u  stronger  negative  reaction  than  a  copper  plate,  under  similar 
carcuniHtaiices,  would  exhibit  towards  amtther  copjHT  plate.  Moreover,  if 
the  copper  plate  is  immci-sed  five  minutes  itfter  the  tin  plate,  the  tin  still 
a|>pears  fxjsitive  at  the  beginning,  but  less  strongly  than  when  both  metals 
are  immersed  at  the  same  time.  Lastly,  if  tlie  two  metals  are  separat<idy 
immersed  in  ammonia  for  ten  minutes,  and  then  dipped  into  dilute  add 
or  a  solution  of  salt,  the  copper  still  remains  constantly  positive  towmrdft 
the  tin. 

Platinum  in  ammtmia  is  strongly  negjitive  towards  jjeroxide  of  mann- 
nese, — a  yellow  substance,  probalily  the  hydrate  of  a  lower  oxide,  being* 
formed  at  the  same  time.     (I>e  la  Rive.) 

Electrical  series  in  aqueous  ammouia  of  sp.  gr.  0*95  :  ^nc,  tin,  lead» 
silver,  copper.    (Pfaff.) 

Experiments  loith  Aqueous  Solutions  of  Alhaline  Salts.  In  a  solution  of 
common  salt,  zinc  gives  a  stnmgiT  current  with  iron,  than  with  copper, 
silver,  or  platinum.  (Poggendorff.) — Zinc,  tin,  and  iron  protect  copper  in 
sea-wator  fxirfeclly.     (Van  Beek.) 

Iron  plu(%d  by  itself  in  sea- water  is  strongly  attacked ;  tbo  greater 
the  deptli,  however,  the  less  ia  the  corrosion,  becsiuse  the  oxygtui  of  the 
jur  luis  less  access.  If  pieces  of  zinc  arc  attached  io  the  iron  here  and 
there,  tlie  inm  is  o<»mpletely  protected,  and  the  zinc  is  not  nearly  ao  much 
corroded  as  the  iron  was  before.  Zinc  likewise  protccte  the  iron  as  wcU 
as  the  tin  of  tin-plate,  in  sea- water.  (E.  Davy.)— Cop[»er,  on  the  ctmtrary, 
is  not  completely  protected  by  zinc  in  sea-water  containing  air.    (J.  Davy.\ 
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— Zinc  cnm|>letely  protects  iron  in  Bpa- water,  the  iron  becoming"  covered 
with  marine  jihmts  ;  but  the  zinc  ia  quickly  corroded.  (Grant,  J.  jrr. 
Chfin.  7,  2!K).) — [P'rotection  nf  cast-iron  in  Hfa-water  by  means  of  a  coat- 
ing tif  pnlvorixod  zinc.  (Mallet,  ./.  pr.  CAem.  22,  S.Vi.)] 

If  tin-  U-tube  (A ftp.  4)  contains  a  solution  of  common  salt,  nitre, 
Glauber's  salt,  or  Kuipiiatc  of  mag'ncHia, — /,inc,  tin,  or  lead  being  immersed 
in  niie  anri,  and  copjter  or  platinum  in  the  other,  and  the  two  metals  h+'ing 
connected  by  the  galvaiiomt'ter, — the  current  dimiiUKheB  after  sonie  time, 
but  may  Ijc  renewed  by  mtmducing  alittU>  acid  into  the  vessel  containing 
the  copjier  or  platinum;  whereas  the  acid,  if  put  into  the  arm  containing 
the  zinc,  produces  no  current,  althougli  it  causes  a  briHk  iliHeng;ig(.'ment 
of  gas  from  the  zinc.  (RoHenHehiiSd.)  [The  oxygtjn  of  the  water  and 
the  acid  of  the  salt  are  transferred  to  the  ziuc,  tiie  hydrogen  of  the 
water  and  liie  Itase  of  the  salt  to  the  cop{>er.  The  layer  of  the  tjase  thns 
accumutating  nn  the  copper  prevents  tlie  portions  of  base  afterwards 
separated  from  coming  in  contact  with  the  cuiijH-r,  and  thereby  receiving 
negative  c1et.:tricity  from  it.  An  aetd  added  to  tlie  liquid  Kalunttes  the 
separated  base,  and  facilitates  the  access  of  the  portioue  afterwards 
8e]j{irated.] 

If  water  containing  carbonate  of  lime,  held  in  Bolntion  by  excess  of 
carbonic  acid,  be  phvced  tu  contact  with  /.inc  and  copper,  the  whole  of  the 
carbonate  of  lime  is  deposited  (►n  the  copj«r.  When  water  of  tliis  nature 
flows  through  leaden  jiipi's,  the  carbonate  of  lime  is  depowited  :it  the 
joints  (which  are  soldered  with  an  aHoy  rif  tin  and  lead),  on  tlie  brass 
cocks,  and  on  any  piec<!  of  iron  cir  silver  that  may  have  been  introduced, 
the^by  producing  stoppage.  To  prevent  this  accident,  lateral  tubes  are 
adapted  to  the  main  pi|>e  at  intervals  varyuig  frrjm  twenty  to  thirty 
feet,  and  furnisbed  with  plugs  of  copper  or  tin,  or  still  tx-tler  of  cast-iron, 
— and  by  means  of  these,  the  calcareous  deposit  is  from  time  to  time 
njnioved.  (Dumas,  Ann.  Cfiim.  Phys.  33,  2f36.) 

A  long  copper  wire  is  c<jmpletely  protected  from  the  action  of  sea- 
water  by  a  short  zinc  wire,  the  latter  being  quickly  corroded. — If  the 
cojiper  and  zinc  are  not  in  immediate  contact,  but  sefuirated  outside  the 
water  by  an  extremely  thin  film  of  mica,  or  a  sheet  of  common  dry  paper, 
Ihi;  ('opfKa'  is  not  jnotectcd :  but  if  they  are  kept  apart  by  a  sheet  of  thin 
silver  pajx-r,  the  ]>rotecting  action  is  exerted. 

When  the  bends  of  a  long  copjRT  wire  arc  inimereed  in  eight  vesBcIa 
fdlcd  with  sea-watrr,  and  connected  by  rojx»s  saturated  with  the  same 
water — the  c^tpperin  the  first  vessel  being  i»laced  in  contact  with  zinc, — the 
co[i](t'r  in  all  the  vessels  is  protected,  if  the  ropes  are  0*5  inch  tliick  ;  Init 
if  their  thickncKs  is  only  O'l  inch,  the  protection  extends  only  to  the  third 
vessel.  .Vftor  some  time,  the  cojipcT  in  the  firat  vessel  becomes  covered, 
jKirtly  with  metallic  zinc,  partly,  on  the  lower  surface,  with  crystallized 
carbonate  of  soda  and  carlxMiate  of  lime, — that  in  the  second  vessel  with 
line  crystals  of  carbonate  of  lime  and  a  small  quantity  of  carbonate  of 
Boda, — tliat  in  the  tliird  remains  clean, — that  ifi  the  fourth  is  somewhat 
attacked,  but  remains  bright, — and  the  jxirtions  in  the  remaining  vessels 
apfH^ar  more  and  more  corroded  and  covered  with  verdigris.  (II.  ftaA-y.) 

When  a  plate  of  tiniied  iron  is  immersed  in  sea- water,  the  iron  oxidizes 
while  the  tin  remains  intact.  (K.  Davy.) — Steel  and  tin  undergo  no 
alteration  m  bothng  sea-water;  but  in  cold  sea-water  c/>ntainingair,  steel, 
becomes  rusty  (tliough  not  more  so  than  under  ordinary  drcmnstances), 
while  tin  connected  with  it  remains  unaltered.  In  sea-water  which  has 
been  well  boiled,  and  then  co^jled,  steel  does  not  rust  if  access  of  air  be 
prevented.    Hence  the  nisting  is  due  tJ^  the  oxygen  of  the  ait.  QI.  lA-.'^-^^ 
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— Iron  in  oootact  with  tin  in  sea^ water  is  negative  at  first,  but 
jKtHitive  after  a  few  minutes.     It  oxidates  more   quickly  in  eea- 
wben  in  cnntact  with  tin  than  when  alone,  and  the  tin  remains  brigh 
whereas,  when  ftluceil  alone  in  seu-water  its  wurfaco  becumes 
(Van  Beek.)— A  jtlate  f»f  irtui,  ivliicli,  when  immersed  alone  in  sea- 
loses  181  g^ius,  loses  exactly  333  grains  when  placed  in  contact  with 
under  the  same  circumstances^  while  the  tin  loses  onl^'  5  groins.  (Muldoi 
— Cast-iron  suffers  greater  loss  in  sea- water  when  connected  ■with  tin 
when  in  contact  with  copper.  (Mallet.) 

PuliHlied  lead   is    positive   towards   iron  and  copper  in  a  sohition 
nitre,  but  lead  anpei-ficially  oxidated  is  negative,  (\orke.) — Lead  in  acjii 
til  III  of  sal-ammoniac  is  at  first  positive  towai'ds  iron,  but  the  current 
Bf>on  reversed.  (Wetzlar.) — Iti  solution  of  sal-ammoniac,  iron    is  (K)siti 
t^^wards  tin,  and  copper  towards  bismuth.     Lead  with  iron  is  first  poaitiv 
then  negative. — In  solution   of  comm<ju   salt,    bisrautb  is  first 
towards  copper,  afterwards  negative.  (Fcchner.) 

The  corrosion  of  the  copper  sheathing  of  ships  may  be 

fastening  to  it  at  several  pouits  pieces  of  cast  or  wrought-iron,  called 
lectors,  A  plate  of  copper  on  a  sailing-ship — which,  when  iinproi 
loses  6-55  grains  in  twelve  huurs — loses  5'5  grains  when  furnished  witS 
cast-iron  protectors,  whose  surface  is  equal  to  -g^^  of  that  of  the  copper, 
and  2  graias  when  the  surface  of  the  protectors  amounts  to  -j^^  of  iit 
own.  Part  of  this  loss  arises  from  mechanic^il  attrition.  Ships  furnished 
with  protectors  of  oist-irnn,  whoso  surface  was  from  -j-j^^  to  ^iff  of  that  of 
the  copper,  returned  from  their  voyage  with  much  less  loss  of  copper  than 
when  unprotected.  The  sheathing  was  sometimes  quite  clean,  soutetAinen 
covered  with  carbonate  of  lime,  marine  plants,  shells,  &c. — especially  in 
the  ueighbourhof>d  of  the  protectors,  where  a  large  quantity  of  oxioe  of 
iroji  was  deposited,  and  on  the  nails,  which  consisted  of  an  aUoy  of  ooi^wr 
and  tin — this  alloy  bebig  much  more  highly  electro-negative  than  oo{^ier* 
This  defxisitiiin  on  the  copper  sheathing  is  piincipally  formed  wliilc  the 
ships  an;  in  harbour.  The  surface  of  tFic  protectors  must,  therefore,  be  of 
sucii  extent  as  not  completely  to  protect  the  copper.  (H.  Davy.) — In  sea- 
wati-r  coutaining  sulphuretted  hydrogen,  prcitectors  of  zinc  may  be  used. 
(Daniell,  Ann.  Chim.  Fhi/s.  78,  339.) 

If  cast  iron  loses  1  ]>art  of  its  weight  when  immersed  alone  ui 
water,  its  losa  when  in  contact  with  cijp]M-r  will  amount  in  the  same 
to  r4,  a»id  with  an  alloy  of  1  At,  zinc  and  7  At.  copper,  to  1'6 
weight.  (Mallet.) 

Copper  dissolves  in   aqueous  solution  of   bicarbonate  of  soda  , 
united  with  it  remains  bright.  (Wetzlar.) 

If  silver  l>e  immersed  in  one  arm  of  a  Il-tube  (App.  4)  onntuniiu^ 
solution  of  common  salt,  and  platinum  in  the  other,  rhombohedral  crystds 
make  their  apiieurance  in  a  few  motitlis,  being  white  at  first,  then  viofot, 
lUiii  afterwards  blue ;  they  do  not  change  in  water.  (Becquerel.^ 

Platinum  gives  no  current  with  tellurium,  palladium,  or  rhodium  in 
a  si)luti<iu  of  common  salt,  because  no  chemical  action  takes  iJaoe. 
(II.  Davy.) 

Platinum  is  positive  towards  anthr»cito  in  solutions  of  sulphalM  or 
cJdorideB.  (Bewjuerel.) 

EUviricAl  series  in  solution  of  common  salt:  Zinc,  lead,  tin,  iron, 

inony,  bismuth,  copper,  silver,  gold,  platinum   (Fechner.) 

ihp#tm«nM  teiih  Agifom  Soiutiotu  of  the  Iltmy  MttaUk  &ik»,'—\% 
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often  hajipens  that  one  metal  precipitates  another  from  its  solution  in  acid 
or  aikiili,  the  former  taking'  oxygen  from  the  latter,  aud  disHohTJijir  in  the 
state  uf  oxidLfin  the  acid  or  alkah.  {.Scfi,  18.)  The  action  in  at  first  purely 
chemical ;  >)ut  as  soon  as  a  small  rpiantity  of  the  second  metal  has  been 
precipitated  on  the  first,  electro-chemical  action  sets  in.  The  precipitating 
metal — which  of  conrse  pOHsesses  the  greater  afliriity  for  oxygen — is  the 
positive,  and  the  precipitated  metal  the  negative  element  of  the  circuit. 
In  consequence  of  this  actioD»  the  further  deposition  of  the  second  inetul 
takes  place  on  the  already  precipitated  portion  of  that  metal ;  aud  thus 
crystalline  vegetationB,  or  Metallic  Trees  (p.  136)  are  produced,  t!«e 
negative  metal  being  ultimately  deposited  at  a  considerable  distance  from 
the  fwsitjve  one. 

If  a  piece  of  iron  wrapped  up  in  bladder,  silk,  or  pajjer,  be  immersed 
in  a  solution  of  blue  vitriol,  only  a  small  quantity  of  copper  will  bo 
depiHited  inside  the  envelope,  the  greater  part — possessing  the  metallic 
lustre — collecting  on  the  outside.  (Mulder,  Br.  Archiv.  22,  291  ;  comp. 
Biscbof,  Schw,  36,  119.) — When  a  solution  of  acc'tato  ftf  lead  is  decom- 
ftosed  by  suspending  a  bar  of  zinc  within  it,  the  liquid  in  the  neighbour- 
liood  of  the  zinc  soon  becomes  free  from  loa«^l  — wuilst  that  at  the  lower 
end  of  the  growing  lead-tree  still  contains  lead  in  solution.  (Rose,  Pfaff.) — 
A  piece  of  the  lead-tree  which  may  chance  to  fall  off,  gradually  dissolves 
and  is  again  precipitated  on  the  zinc.  Direct  experiments  show  that  lead 
(when  atxx^ss  of  air  is  allowed)  dissolves  in  a  saturated  solution  of  chloride, 
nitrate,  or  acetate  of  zinc,  a  basic  salt  being  probably  formed  at  the  auaie 
time.  (Fischer,  Po(fg.  4,  291.) 

Zinc  and  Tin  salts. — Zinc  produces  a  strong  current  with  copjjer  in 
solution  of  sulphate  of  kIuc,  although  the  sulphuric  acid  may  be  already 
eatumted  witfi  zinc- — and  therefore  no  chemical  action  can  take  i>lace. 
(Pfaff.) — Zinc  however  causes  an  evolution  of  hydrogen  gas  when  placed 
by  itself  in  solution  of  sulphate  of  2anc  [because  a  basic  salt  is  produced], 
(J.  Davy.) — Zinc  is  depoflited  on  copper  placed  in  contact  with  zinc  la 
solntion  of  sulphate  of  zinc,  (rjrotthuss.)— Zinc,  in  the  solution  of  \\m 
sulphate,  prodwces  a  much  feebler  current  with  iron  than  with  copjx-'r  or 
platinum.  (Poggendorff.) — In  a  saturated  solution  of  sulphate  of  zinc  or 
"  protochloride  of  tin,  steel  wire  piroduces  a  feeble  current  with  silver,  the 
fttetrl  Ix^ing  positive  ; — no  current  with  platinum.  (J.  Davy.)  Since  steel 
gives  no  current  with  platinum,  J.  Da\'y  concludes  that  the  ekxjtric  current 
is  not  produced  by  chemical  action.  [1  have  found  that  steel  wii'e  iiroduces 
with  platuium  al^mt  the  same  deflection  as  with  silver,  both  in  f^erfectly 
neutral  sulphate  of  zinc  and  jx>rfectly  neutral  jirotochloridc  of  tin.] 

Lend  salts.  Active  iron  does  not  precipitate  nitrate  of  lead,  and 
becomes  jiaasive  in  it.  (Keir.) — From  a  solution  of  acct*tc  of  lead,  the 
lead  is  dctxwited  on  lead,  silver,  or  gold,  when  these  metals  are  placed  in 
contact  with  zinc,  tin,  or  iron. 

Copper  salts.  Cop[)er  is  deposited  from  a  solution  of  its  sulphate,  on 
silver,  gold,  or  platiniun  placed  in  contact  with  zinc,  tin,  lead,  iron,  or — ■ 
according  to  Grotthuss— even  with  clipper. 

If  an  amalgamated  c<ij)|X!r  wire  Ik?  made  to  dip  into  mercury,  the 
surface  of  whicli  is  covered  with  sftlution  of  sulphate  of  copper,  aud  a 
pietv."  of  ainalgtunated  zinc  made  to  dip  into  the  copper  solution,  then— on 
connecting  the  two  metals  with  the  galvanometer — tlie  zinc  is  found  to  Xrc. 
strongly  and  permanently  positive,  and  the  mercury  becomes  saturated 
with  cop}>er.  ((Jrnve.)  [Oxygen  from  the  oxide  of  copper  is  transferred 
with  the  acid  to  the  zinc,  and  copper  to  the  mercury.] 
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In  a  concentrated  solution  of  sulpliate  of  copper,  tin  and  iron 
poBitive  towards  lead ;  bismuth  aud  copper  nearly  neutralize  one  anol 
(Fechrici%) 

Sulphate  of  oopjtor  and  potash  is  not  reduced  by  iron,  except  when 
iron  ia  coimectcd  with  silver.     Dilute  solution  of  nitrate  of  copper 
tered  in  siiig^le  drops  upon  acleau  rod  of  iron  produces  a.  deposit  i»f  oo; 
at  every  point  of  cfnitaet ;  but  if  the  sohitii.ni  is  eon  cent  rated,  only  a 
of  the  drops  produce  an  imnn-diate  deiwsition,  others  in  a  few  nuu 
othei-8  again  not  for  some  hours,  and  others  not  at  all.      The  pr 
may  however  be  broug-ht  about   either  i>y   wanning    tlie    dro]^ 
mixini?  a  non-precipitating  drop  with  one  in  which  precipitiktion 
on.  (wetzlar.) 

Active  iron  is  positive  towards  platinum  in  solution  of  sul 
copper,  and  causes   deixjsition  of  copper  on  it.     Iron  rendered 
by  ignition  deciim|ioHe8  sulphate  of  ci>p|X'r ;  iron  made  passive  by  ni 
acid  does  not  (neither  does  it  deeomp<»Be  nitrate  of  cfjpper,  except 

E laced  in  contact  with  metallic  copper.     Uenchel) ;  the  latter 
ut  a  very  feeble  current  witli  jilatinum,  towanls  which    it  is 
Iron  rendered  passive  by  nitric  acid  becomes  crtated  witli  copper^ 
rendered  active  by  immersing  it  in  sulphate  of  copper  in    contact  w 
zuic,  cadniiiuu,  tin,  active  iron,  or  copper, — whereas  contact  with  plattnt 
gold,  or  silver  produces  no  effect.  (Schonbein.) 

Steel  wire  rendered  passive  in  ammonia  or  solution  of  nitrate  of  sih 
Boon  becomes  active  in  sulphate  of  copper,  covering  itself  with  c<»pper 
a  minute;  the  latter  rema,inB  bright  for  a  day  in  cfincentrated  and  sotj 
what  acid  nitrate  of  Cfipjjer,  but  instantly  acquires  a  coating  of  copf 
when  touched  with  active  iron,  or  with  zinc,  tin,  or  lead.  If  the  iron  h 
been  washed  with  water,  after  iramereion  in  the  silver  solution,  t 
depoBJtiou  of  cop|ier  takes  place  much  more  t^tiickly.  When  an  active 
a  (Missive  iron  wire  connected  by  the  galvuuonieter  are  <hpped  into  an  MJ 
solution  of  nitrate  of  copper,  a  strong  detleclion  of  the  needle  ia  prodtuxM 
and  the  passive  iron  becomes  coated  with  copper.  (Wetzlar.) 

In  a  mixture  of  equal  parts  of  concent nited  solution  of  stllptMl 
of  wvppcr  and  fuming  nitric  acid,  a  bar  of  active  iron  remains  peruH^ 
bright.  But  if  it  be  scratched  Iwlow  the  surface  of  the  liquid  with  u  Jli 
or  touched  with  a  similar  bar  ui  iron,  a  deposition  of  copper  takes  ploi 
upon  the  bar  Hrst  irnmcrHed,  cunimencing  at  the  point  of  contact.  Wh^ 
the  solution  is  very  dilute,  the  iron  at  first  booomes  coated  with  oopjici 
gas  being  evolved  at  the  same  time, — but  recovers  its  natural  bnghtan« 
after  the  liquid  has  been  agitated  sc^veml  times.  (Schweigger-f 
Schw.  53,  IC7.) — Active  iron  precipitates  copfter  from  a  mixt 
aqueous  solution  of  nitrate  of  copper  with  an  equal  quantity  of  nithc 
but  if  it  tie  Hrst  connected  with  platuumi  and  then  immersed,  it  does 
urqnirr  a  coiiting  of  (^ojiper; — even  after  the  removal  of  the  |Aalin' 
the  (k'lHrsition  of  copper  does  not  take  place  U*t  some  time.  (Faradvf.) 
If  one  end  of  an  iron  wire  be  covered  with  fieroxide  of  lead  (oy 
decomi>«)Hition  "f  acetate  of  lead  in  the  cuiieut  «if  the  voltaic  tmttery)  i 
this  end  dipped  Ix'fore  the  other  into  a  solution  of  sulphate  of  cojjper. 
cop|)or  is  precipitated  while  both  ends  are  in  the  solution  ;  but  as  soon 
the  covenxi  end  is  taken  out,  copper  is  precipitated  on  the  other ;  similarl; 
when  the  latt^T  is  taken  ont.  If  an  iron  \vire  coated  with  p)eroxide  of 
and  al«o  an  active  iron  wire,  be  connect^Ml  with  the  galvanometer, 
latl^T  dipjted  tirst  into  tin*  Kiilntion,  iiositivc  electricity  ]Mis«ea  fi 
fonner  through  the  galvanometer  to  tne  latter,  which  begins  to 
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'^coatiup  oF  copper  as  soon  as  its  cnimcction  with  the  otiicr  wire  ifi  broken 
off. — The  cu[)s  «,  b,  and  the  siphnti  A  (App.  2)  containing  Bohitinn  of 
BulpliatL'  nf  c(»}ij)or,  if  the  eiiil  o  of  the  iiou  wire  covered  with  jieroxiilo 
of  load  lie  immersed  first,  and  the  active  end  p  afterwards,  the  hitter 
dooB  mit  la'conse  created  with  cnjijH'r;  neither  duos  the  defaisition  tuko 
|tlat;e  when  the  siphon  A  ja  replaced  by  a  wire  of  iroii,  copper,  or  bruHS; 
but  it  is  hroufi^ht  about  by  the  iiitruduelion  of  a  platinum  wire.  If  tho 
■wire  np  be  first  iminerKecl,  then  the  iietive  wire  h  dip|M'd,  first  intf>  it  and 
then  into  o,  the  end  in  b  tieconies  covered  with  copj>er,  but  not  tliat  in  a, 
VVIk^u  tlie  end  o  covered  with  peroxide  of  lead  is  taken  out  nf  the  liquid, 
the  end  of  the  wire  /*  which  dips  into  a  also  iMjconiee  coppered.  If  o 
remains  in  a  and  a  second  iron  wire  a  is  dipfK^tl,  first  iuto  a  and  then  into 
A,  the  end  g  of  the  first  wire  A  likewise  acquires  a  coating  of  copper. 
(Schonbein.) 

[When  |jeroxido  of  lead  and  iron  are  phtccd  toj^fcthor  in  solution  of 
Bulplmte  of  cojjper,  the  latter  takes  oxj'gen  and  sulphuric  acid  from  the 
ctmtignioufi  atoms  of  the  salt,  and  dissolves.  But  the  separated  ci^jiper  is 
not  preci|utated  on  tho  iron — but  takes,  in  its  turn,  oxygen  and  swljihuric 
acid  frfiia  the  contiguous  atom  of  sulphate  of  copper.  (App.  17.)  Thus, 
the  dccnmjiosition  and  reconipnsition  of  the  atoms  of  sulphate  of  copper 
is  C'intinued,  in  the  manner  descnlwd  on  page  342, /,  till  it  reaches  the 
ix'roxide  of  lead.  The  separated  atom  of  copper  ly'mg  next  to  this  oxide, 
robs  it  of  its  second  atom  of  oxygen,  so  that  protoxide  of  copper  and 
protnxide  of  (cad  are  produced.  This  change  takes  place,  because  jjeroxide 
nf  lead  retains  oxygen  less  forcibly  tlian  protoxide  of  copper ;  and  as  long 
as  any  ]>eroxide  of  lead  remains  uudeconifiosed,  no  dep<^>sitiou  of  cojjper 
can  tak(»  place  on  the  iron.  The  iron  tieed  not  on  this  acc^iunt  bo  regarded 
as  passive;  for  it  is  constantly  taking  up  oxygen  and  acid,  and  dissolving. 
This  oxidation  of  the  iron  causes  negative  electricity  to  !>e  set  free  from 
it ; — the  pernxi<lo  of  lead  which  loses  oxygen  must  take  up  negative 
electricity :— hence  negative  electricity  g^es  from  tlie  iron  through  the 
galvanometer  to  the  |X'roxide  of  lead,  or  t^Kisitivo  electricity  in  the 
opiMisite  direction.  If,  in  the  above  cx]x-rinYent,  the  two  vessels  are  con- 
tirited  by  a  siphon,  the  portions  of  liquid  contained  in  them  act  as  one 
lirpii*!,  and  the  process  is  the  same.  If  tho  siphon  be  replaced  by  a 
platbum  wire,  the  fieroxide  can  no  longer  restore  by  transposition  the 
oxygen  which  the  ciip]X'r  has  given  up  to  the  iron:  for  tlie  platinum  is 
placed  between  the  two,  and  therefore  copjx-r  is  deiKisited  on  the  iion. 
But  if  uon  or  any  other  oxidable  metal  takes  the  place  of  the  siphon,  the 
]5rucesft  just  described  goes  on  in  the  cup  a, — that  is  to  say,— <ixidation  of 
the  iron  witlunit  deposition  of  copper,  and  reduction  of  peroxide  of  lead- 
in  (his  case,  negative  electricity  accumulates  in  the  wire  h,  and  jxisitive 
electricity  in  tho  reduced  oxido  of  lead.  In  accordance  with  this,  the 
decomposition  of  the  sulphate  of  copfjtT  in  tho  vessel  b  goes  on  in  such  a 
manner,  that  the  eud/>  takes  up  oxygen  and  acid,  and  sends  the  negative 
electricity  thus  set  free  to  the  oxido  of  lead ;  while  copper  is  deposited  on 
the  end  i  of  the  wire  /i,  and  takes  up  the  negative  electricity,  which  is  traoe- 
fciTcd  to  this  wire  from  g.} 

Platinum  is  positive  with  [joroxide  of  lead  in  solution  of  sulphate  of 

copper,   the   oxide  of  lead  gradually  disappearing.   (Schtinhein.)     [The 

electric  current  is  due  t<i  the  decomixisition  of  the  peroxide  of  lead.     The 

nature  of  this  decomposition  rcqiurcs  further  exaraitiatton.] 

I_^       A  plate  of  silver  connected  with  graphite  hi  a  solution  of  nitrate  of 
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copper  beconoies  coated  with  metallic  ctipper.    (Pfaff.)     [^Did  the'^ 
coutaia  iron  ?] 

Salts  of  mercuiy.    Iron   becomes   inactive   in   subnilrate    of 
(Keir),  more  pa^ssive  iiidecd  than  in  liitric  acid,  and  is   MjbscfjtJrnI 

EOBsive  towards  sidphate  «^f  co]>}ier,  as  if  it  were  ctiated  wilii  pum 
'ad.  (Scliiinbeiii.)— In  solution  of  corrosive  sul)Unia(eT  tncrcury  ia  dt^' 
aited  on  silver,  gold,  or  platinum,  connected  with  zinc,  tin,  lead,  iron,  iT' 
cop|.jer. 

Silver  salt*.  In  solution  of  nitrat«  of  ralver,  that  metal  ia  }>rDcipitated 
on  wilver,  pild,  or  platinum,  as  soon  ns  these  metals  arc  connecU^d  wiA 
tin  or  cop};«.T  likewise  immersed.  (Singer.) 

Iron  [irecipitates  a  very  dilute  Bnlutioii  of   nitrate  of   silver;    it  tim 
precipitates  a  concentrated  RoUitioii  when  hot,  r>chi-e  Injing  formed  bj  tiu 
action, — hut,  at  ordinary  tcnipuratuirs,  iron  does  not  act  on  a  Bi 
Bi)hiti»ni  of  nitrate  of  silver,  whether  it  be  neutral  or  contain  cxce«8 
acid. — If,  on  the  other  hand,  a  quantity  of  silver  bo  dissulved  in  nithfl 
acid  not  sufficient  to  satui-ate  it,  bo  that  the   free  nitric   acid   rt'iuaiu* 
chai'ged  with  nitroua  acid — or  if  fuming:  nitric  acid  or  oil   of  vitriol  bt 
added  to  a  neutral  solution^-or  if  a  neutral  stjlntion  be  mixed  with 
and  left  to  stand  for  some  time, — lion  will  at  lirst  precipitate  (silver 
Hucli  a  solution  ;  but  the  silver  ditsBolves  up  again  after  a  time,  and  li 
the  iron  in  an  inactive  etate. — The  liquid  poured  <jff  from  the  inm  l>ci 
in  the  same  manner  with  a  Bt'coiid  piece  of  iron.     Iron  whicli  lias 
rendered  injictive,  recovers  its  activity  after  the  removal  of  the  Burfi 
even  after  the  slightCHt  rubbing ;  likewifie  after  lying  under  watcTi 
Bome  time  (but  not  mider  ammonia).     It  doee  not  ditisolve  \u   f 
nitric  acid,  even  after  the  addition  of  water. — If  ir<»n  which  hat*  hwl  its 
activity  be  brought   in  contact  with   active   iron  within    the   li<}uid,  % 
de{Misitiou  of  silver  takes  jilace  on  thelatfrr — then  also  on  the  former;  but 
the  silver  subsequently  disapjK'ars,  and  iKttb  pieces  of  iron  renjuin  inactive. 
Inm  which  has  been  immersed  in  fuming  nitric  or  a  saturated  8oluti<>o  ul 
silver,  is  hkewise    inactive   towards  the  above  solution  which    cunLuas 
nitrous  add.     Iron  will  not  precipitate  copjier  from  a  solution  of  uitnUr 
of  cojjper  which  has  Ijcen  mixed  with  nitrate  of  silver — n<»t  even  on  the 
addition  of  acid ;  so  likewise  iron  which  has  iK'en  rendered  inactive  by  a 
solution  of  silver  no  longer  precipitates  copper  frotu   the   sulphate  or 
nitrate.     (Keir,  Venmche  u.  Jieobachiungen,  Gott.  1791  f  abstr,  .SrAir.  ii^ 
151.) 

When  iron  nails  arc  mixed  with  pieces  of  silver  and  digested  in 
excess  of  nitric  acid,  the  silver  dissc^lves,  while  tlie  iron  ix>m«una  uitdis- 
solved  even  after  tlie  acid  has  been  boiled.  Sometinjes  the  iron  Lg  mitcr* 
nately  attacked  with  violence  and  left  in  tliu  passive  state.  (Duinaa,  Sd*- 
57,  23.) 

Iron  precipitates  sulphate  but  not  nitrate  of  silver.  Seldfirn  only 
it  happen  (hitt  aflc-r  the  iiun  has  remained  for  weeks  in  a  dilute  koI 
of  silver,  a  few  stiining  laniinw  or  dendrites  of  silver  appear  upon 
«orre»iM>nding  quantity  of  iron  having  been  tiissulved.  Intn  d<jes  udI 
preeipiltite  silver  from  a  mixture  of  1  part  of  coucentmt4.'d  tMtlutioo  oi 
nitrate  of  silver  with  1  (uirt  of  nitric  aeitl  of  sp.  gr.  1*2;  but  with  14  </ 
nitrit;  lutid,  the  iron  immediately  ac<[uires  a  nniLing  of  silver,  v  " 
at  fir-Ht,  then  Ih-coiiich  whiter,  and  afterwards  brilliant;  the 
r'l  with  Htn^ng  evolution  of  nitric  oxide  gas,  and  leu\ 

bi<~  vvliitcr  than  in  its  tjriUnary  statt;: — on  turlhei-  add. 
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tlie  iron  likewise  rcrnuinB  paeeivc.  If  t\w  iron  be  touched  for  a  Rhnvt  time 
!pfltm'  the  HtirfaiT  of  the  liquid  with  active  iron,  it  is  again  attarke<J  and 
c*ivon'd  with  silvi-r, — Imt  snbsoqntTitly  In-crvmes  pasBive  again,  as  the  silver 
dissnlvcH.  If  ihe  immorsi'd  piece  of  active  iron  te  kept  at  :i  little  difltanoc 
from  the  |>a8Kiv(.'  iron,  the  silver  which  dcf^opits  on  the  former  houu  cfTeeta 
metallic  cinnnninication  between  the  two, — ^arid  then  the  action  gaeii  on 
an  jnst  desrrilHMl. — Iron  likewise  becrtmes  passive  in  a  neutral  suhition 
of  wilviT,  but  imt  hd  completely  a.s  iti  an  acid  Hobitiitn. — If  an  iron  rod  bo 
dip[K'd  ten  timcR  into  a  Kolution  of  silver,  and  washed  after  eat>h  iinnicr- 
s'uHi,  the  solution  is  found  to  bo  free  from  iron  at  the  end  of  the  exjKM'imeiit. 
— Verj"^  P'<'nt!e  wiping  with  blatting'-paper  destroys  the  jwissivity  of  an  iron 
rod  ;  but  a  steel  wire  remains  passive  even  after  rubbing  with  blntting- 
pai)er,  or  with  Paris  reil  and  leather, — and  even  after  gentle  filing  or 
careful  Rcraiiiug'  with  a  steel  Bcraper, — so  that  the  change  of  state  cannot 
arise  frnni  a  8U|ierficiul  deposit.  (Wetzhir,) — [If  only  individual  8|>ot8 
fcvmairi  onvorcd  with  peroxide  nf  irmi  or  grapliitc,  they  will,  wlicn  the  iron 
again  immersed  in  the  silver  eolution,  facilitate  the  formatton  of  the  film 

oxide  of  iron  (jn  the  exposed  parts.] 

Irmi  rendered  jxissive  in  a  dilute  snlution  of  nitrate  of  silver  (1  part 
Bait  to  12  parts  water),  then  connected  willi  active  iron,  and  dipped  into  a 
concentrated  fietlution  t>f  nitre,  apix^ars  strongly  negative:  the  deflection 
of  the  galvanometer  is  however  s<Htn  reduced  to  nothing,  because  the  iron 
recovers  its  activity.  If  the  iron  be  taken  out  of  the  8olutii>n  and  wtished 
witli  water,  the  deflection  prodiiced  is  less  than  before ;  after  a  second 
wasliing,  still  less; — after  the  iron  has  been  dried  at  a  gentle  heat,  it 
becrtmes  very  small  indeed,  and  is  sometimes  even  reversed.  Steel  retabia 
its  active  state  much  longer,  sometimes  from  8  to  11  days  after  drymgj 
but  in  water,  it  lH?come8  active  in  half  a  minute.  (W'etzlar.) 

In  a  Sedation  of  1  part  of  nitrate  of  ^Ivcr  in  12  parts  of  water,  zinc  is 
first  jKisitive  towards  tin,  tlien  negative,  then  piositive,  then  negative  (or 
at  all  events  less  fMisitive),  then  [jerman<'ntly  jK^sitive.  In  a  dilute  solu- 
tion, zinc  is  permanently  po.><itive  towards  tin. — Tin  in  the  above  solution 
(]  :  12)  is  |>08itive  t<iward8  lead  at  firet,  negative  after  13  mitiutes,  then 
again  positive.  (Fechiier.) 

A  verj'  dilute  sulution  of  eilver,  oven  when  it  contains  free  acid,  is 
immediately  ftrecipitated  by  iron.  In  the  solution  (1  :  12)  iron  is  nega- 
tive with  copper;  but  the  strength  of  the  action  increases  and  diminishes 
altomately.  The  silver,  as  it  is  dcp<i8ited  on  the  cop|x>r,  gi-adually  a|»- 
proaches  the  bright  iron  ;  as  soon  as  it  comes  in  contact  with  the  imn,  tho 
current  through  the  pilvanomcter  diminishes,  Iwcause  (kiH  nf  tire  electri- 
city gfves  through  the  silver.  When  the  greater  pait  of  the  silver-salt  in 
the  Uquid  has  been  decomp<i8ed,  and  copjxT-salt  formed  in  its  stead, 
the  inm  becomes  coated  with  cop[x;r,  and  exhibits  a  fnisitive  reaction 
stronger  than  its  former  negative  reaction.  The  positive  state  diminishes, 
hiiwever,  in  intensity,  as  the  coating  of  copper  becomes  thicker.  In 
more  dilute  silver  solutions,  iron  is  permanently  positive  towards  copjier, 
and  becomes  covered  with  silver,— even  when  a  quantity  of  concentrated 
silver-solution  is  afterwards  added,  sufficient  to  restore  the  above  profKtr- 
tion  of  1  :  12.  On  the  other  hand,  iron  continues  negative  for  some 
time  in  contact  with  co]n>(>r  in  the  solntitm  1  ;  12,  even  when  it  is  con- 
siderably diluted  with  water, — but  by  d«'grees  becomes  positive.  AVIien  the 
solution  is  moderately  diluted,  the  iron  is  at  first  negative  towards  the 
copper ;  but  afterwards,  when  it  blackens  from  deposition  of  silver,  it 
becomes  |>ositive.     In  the  solntion  (1:12)  iron  is  [tositive  towards  plati- 
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nam,  writhout  however  precipitating  ralrer ;  and  tlie  cnrrent  tfmdiiy  < 
iiiMtico,  btxauMf  the  platinam  in  theeolatinn  continaany  lietfOMie*  Icmi 
tive.     When,  therefore,  the  platinam  remains  for  some  tone  ia  the  i 
linn,  V^ftm?  it  is  pl>iced  in  contact  with  tlje  iron, — wbotlwr  tl»iMlkB| 
lKt*:n  in  the  solution  for  the  same  time,  or  is  then  first  Iniiiiorwiil     Hif  < 
n.-iit  is  much  weaker  at  the  begiuuiug'.     Taking  oat  aud  deaxtinf  tkeiRa| 
does  not  Htrengthen  the  current ;  but  the  same  treatment  applsd  Id  tb  | 
platinum  produces  an  increase. 

In  the  solution  (1  :  12),  and  iu  a  stronger  solutioo,  iron  w  ut  finrt  fM-] 
tive  t4jwardM  silver,  but  H(x»n  becomes  neutraL     1/  the  stJotioa  o 
a  rtmall  quantity  of  free  nitric  acid,  the  iron  is  first  poaitiTe,  then  , 
nently  negative.     On  the  further  addition  of  a  v^y  l&rg^  qvuKtitf  m 
acid,  it  rctnaiuB  bright  and  negative  for  a  while ;  then  suddenly 
tati^s  silver  and  becomes  positive;  then,  when  the  sflver 
ajfain  Ijocjomes  bright  aud  negative; — and  80  on  from  four  to' six i 
ill  rapid  alt'<.*niatinti.     If  the  iron,  while  bright  and  negative,  be 
jtf  the  li*iuid,  it  immediately  blackens  on  the  surface.  (Fechner.) 

Platinum  i«  iKwitivc    towards  gold  or  silver  in  the  iieutrml 
(1  :  12), — towards  gold,  likewise,  in  an  acid  solution  of  the  same 
III  a  dilute  solution,  the  current  takes  the  opposite  direction.  (P« 

Active  Iron  placed  by  itself  in  a  dilute  and  sUghtly  acidolalcd ' 
tion  of  nitrate  of  silver,  slowly  precipitates  the  silver  in  solid 
but  in  contact  with  passive  iron,  it  precipitates  the  metal  quickly,- 
a  bhick,  W>so  dejjosit,  afterwards  in  thin  shining  crystals.      Tho 
cEToct  i»  produc^^d  on  a  bar  of  passive  iron,  on  which  a  few  actiTe 
have  been  ma<le  by  rubbing.  (Schweiggcr-Seidel,  Schic.  53,  167.) 

From  a  neutral  or  nlightly  acidulated  solution  of  nitrate  of  silvcr^l 
prcMMpitatcH  a  small  Quantity  of  silver,  but  not  till  after  some  dAyfk.1 
the  luMitral  solution,  it  gives  no  current  with  platiuuiiu  When  thei 
tion  is  slightly  acidulated,  the  fron  appears  feebly  i)08itive  only  afr| 
CMmiiieneenieut.  In  a  Kolution  so  strongly  acidulated  that  silver  l8< 
sited  on  th*'  iioii  (and  aftenvards  redissolved),  the  iron  remains  s( 
|K>sitive,  as  Imig  ns  the  flejKisition  of  silver  continues.  When  tbo 
t!iti(ni  ceases  uikI  the  silver  is  redissolved,  the  cuiTent  also  oeascsL  '  1£] 
iri)ii  bo  connected  by  means  of  the  galvanometer  witli  zinc,  tin, 
wipjMT,  or  infTcnry,  it  always  appears  negative  in  the  silver  solution  i 
IxieitmeH  cove  ret  1  with  crystals  of  silver;  for  though  the  film  of  oxidr  uf 
iron  may  be  redueed,  tlie  silver,  when  precipitated,  acts  instead  ot  11*b 
passive  iron  as  the  negative  metal.  (Faraday.) 

Ac4}tate  of  silver  is  completely  decomposed  by  iron,  on  the  aMilicft* 
tion  of  heut^  whether  the  solution  be  neutral  or  acid :  it  is  likewise  do* 
comiH.iHiTil  in  the  cold,  when  mixed  with  a  large  excess  of  aoctio 
Hut  the  solutiiMi,  whether  neutral  or  sUghtly  acidulated,  deposits  a 
iiuuntity  of  silver  in  black  tlakcs  on  particular  i>art8  of  the  iron, 
the  other  i)artfl  become  of)vered  with  gas-bubbles,  and  tho  greater  ymrX  vi 
tho  silver  n^niuiiis  in  solution  (many  pieces  of  iron  remain  quite  bright). 
If  tho  bar  of  iron  be  filed  after  it  has  ceased  to  precipitate  sflver,  it  will 
again  U-  reii<lere<l  active  for  a  time.  (Wetzlar.) 

CopjKir,  whether  in  its  ordinary  state,  or  after  it  has  been  dippH  in 
canstic   iritiish   and   then  washed  with  water,    iminedi:i     "  r.et 

silver  from  the  nitrate.     In   its  ordinary  state,   also,  it  nn. 

I losis  acetate  of  silver;  but  copper  which  has  lK>en  imuKijitd  iii  p.>t 
produces  n<»  effect  at  first  on  iwretatc  of  silver,  aud  exhibits  only  a  i 
<liuk  patches  of  rcducitd  silvor  after  a  quarter  of  an  hour.  (Wetzlar.) 
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W^i  immts  ttitk  sotutions  of  Sulphide  of  Potassium. — Farodrty  experi- 
^moiitod  with  the  following' liqiiuln.  1.  Ydhte  solution :  pro|»ared  by  fusing- 
""lydrafe  of  potush  with  its  own  weight  of  stilphiir,    and    dissolving'  the 

lid  mass  in  water — (ctintaiuH  quiiito-isiilphido  of  jiotJisstiini  mixed  with 
liy]>osul])httc  of  fRitash). — 2.  C'vlourleas  solittion :  Aqueous  solution  of  {wtash 
eattirutod  with  sulphu rotted  hydrogen — (may  V>e  regarded  as  a  compound 
of  8(il|ihuretted  hydrogen  with  pi-otosulpliide  of  potassium,  or  as  W-hidro- 
8«l]thiite  of  potash). 

When  two  nietalH  are  immersed  in  the  yellow  solution,  the  one  whicJi 
takes  sulphur  from  it  is  positive  towards  the  ether.  If  the  fonner  be 
thereby  covered  with  a  film  of  suljihide  iiii]ieuetr[ible  to  the  liquid,  but 
capable  of  conductiiij^  electricity,  the  direction  of  the  current  will  tw 
reverrted,  if  the  second  metal  be  capable  of  abfltraeting  svdphur  from  the 
liquid:  if  tliig  be  not  the  case,  or  if  the  metallic  sulphide  Ik?  a  non-conduc- 
tor, the  current  will  reuse.     (Faraday.) 

In  the  yellow  sohition,  zinc  is  strongly  and  permanently  positive 
towards  iron,  nickel,  gold,  or  platinum, — because  the  sulphide  of  zinc  dis- 
solves in  the  Hquid. 

Catlmimn  ia  strongly  [lositive  towards  iron,  gold,  or  platinum,  and  per- 
manently so  when  the  Bulphidc  of  cadmiiun  is  loosely  de]>osited ;  but  if 
tile  cadmium  has  been  poliwhed  with  a  gloss-md,  an  imfK^nctnible  and 
non-conducting  coating  of  sulphide  of  cadmium  is  formed,  mid  the  current 
ceases. 

Tin  is  positive  towards  iron,  gold,  or  platinum,  for  t<:;n  minutes  only : 
after  that,  the  current  ceases  ;  because  the  (in  becomes  covered  with  an 
im|»cnetrable,  non-conducting  crust  of  sulphide  of  tin.  (The  circuit  no 
longer  conducts  a  thermo-electric  cuiTent.) 

Lead  is  ix)8itive  t«)ward»  nickel,  iron,  gtjld,  palladium,  or  platinum,  for 
two  minutes  only  :  the  cuiTcnt  then  ceases,  on  ueconnt  of  the  tleponition 
of  sulphide  of  lead, — which  though  it  conducts  (the  circuit  conducts  a 
thenno-cnrrent)  is  not  iwiTueable  to  the  liquid.  The  current  does  not  take 
the  op|io8ite  direction,  I>ecau8e  nickel  and  the  other  motab  do  not  take 
sulphur  from  the  li([uid. 

Hisinutli  Iiehaves  towards  the  metals  Just  etiuraeratcd  just  as  lead  does, 
excepting  tliat  the  current  continncs  for  Imlf  an  ht>ur.  Towards  lead  also 
it  is  positive  at  first,  but  neutral  after  the  lapse  of  two  minutes. 

Antimony  is  j>e)iuaiiently  j"H)sitive  towards  platinum, — because  the  sul- 
phide of  antimony,  which  is  a  non-conductor,  f^mns  but  a  loose  dejutsit. 

CopjxT  ia  jjositive  towards  nickel,  iron,  gnid,  or  platinum.  The 
current  diminishes  without  ceasing  altogt!tiu'r ;  liecause  the  sidphido 
of  cop]»er,  which  is  a  goiKl  conductor,  does  not  fonn  a  hard  crust,  but  falls 
off  in  scales. 

Bisulphide  of  cop]>or,  both  natural  and  artificial,  conducts  well  and  is 
positive  towards  platinum,  till,  hy  taking  sulphur  from  the  liquid,  it  passes 
to  the  state  of  protosulplude,  and  is  thus  rendered  inactive. 

Silver  is  {jcrnianently  positive  towards  iroti,  nickel,  gold,  palladium, 
and  platinum, — because  the  non-conducting  sidphide  dissolves  as  fast  as  it 
is  formed. 

CoiijKT  is  at  first  positive  towards  silver,  the  latter  remaining  bright ; 
then  the  current  ceases;  afterwards  the  silver  becomes  positive,  and  tar- 
nisbes,— then  again  the  coftpcr, — and  so  rm  ftltemately,  according  as  tho 
nu'tallic  sulphide  which  is  being  formed,  prevents  the  copper  or  the  silver 
from  taking  sulphur  from  the  liquid. 

Inin,  nickel,   g^dd,    [^Hilladium,   and  platinum,    not   being  capable  of 
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'111.-  iiiiii'ri  i-,  Dif  nvir.-i-'l  j.y  ililmia--  tin-  f.'aci  ntraliM  »iliiti>>n  v  °. 
(■■i>-li  a  r|ii.iritity  .if  uat<r,  tiiat  i:I«aii  i'i'I'Int  WiHiM  \n-  lu-i^alivi-  in  \ 
irii'.Uiii'.     ( i'i<lni'i.) 

Ill  I'.iiii-iiiiai.'l  .>.>ilnti">n  "f  llvi-r  'if  >ul|i|,iir.  antinmiiy  auil  Itisiniiii' 
iin  ■■  liu'litly  |jM-iliM- f(.w.ir<l>  iinri,  an.l  tin  ii>\var<i.-«  Irail.  Silvt-r  an-l  c  ■. - 
|n  r  an-  -Ip.iivly  (I'l^itivi-  fi>\vilr<i.>  anlini'ii;y.  l>i>«uiiitli.  lin.  I(.>a«l.  nr  ir  •■• 
r..|i|i'-r  i-i  |r.~iii\r  |i.\vaiil-«  sil\i  r.     (  riclni' r. ) 

Kl.itiii.ii  ■•■ri'-  in  liy<ii<>^ul|iliatr  nf  |n>i.i-ii  :  Zinc,  tin.  t'r>|iiM'r.  ir  :.. 
li-mn'l',  -iU'  1.  |ilaliiiiini.  |>alla<liin!>.  >;i'|il.  rliai'i-'>al.     (IL  l>avy.) 

In  lit:    M  ll'iu- ,«<,lniii,ii  (I  nuMsiu*    'if  i-fin<'<-n[ia[<-<l  Mijutinn   tii  7  iim.i- 
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lurcs  of  water) :  zinc,  copper,  cwimiiun,  tin,  w.ilvor,  lead,  aiilirnony,  his- 

Huth,  nickel,  iron. — In  thecolonr!i-S8Ht>lntion  (bi-hjdroRiilphfttcof  jMitash); 

?adrni(uri,  ziiic,  copper,  tin,  antimony,  silver,  lead,   bismuth,  nickel,  iron. 

[Faraday.) 

AV/immcwte  icith  certain  fused  suhgtances.  Zinc  gives  a  strong  ciurent 
with  |il;itiiuun  iu  fused  oxide  of  lead  or  chlorate  of  fX)ta8h ;  the  preseuco 
of  water  ia  not  absolutely  necessary.  (H.  Davy.)  Zinc  and  platinum  form 
fMnverfui  ciivtiits  in  fused  carbonate,  elilonite,  or  nitrate  of  frntash.  Still 
more  pc^wcrful  circuitei  are  formed  by  iron  and  platinum  in  the  same  salts, 
or  in  phoHplinte  of  soda.     (Faraday.) 

In  fiiMtnl  nitrate  of  silver,  iron  oxidates  at  the  Bame  rate  and  with  the 
same  ci'lmirs  as  when  heated  in  the  au', — no  precifiitation  of  silver  ensues. 
Iron  and  platinum  placed  to;^ether  in  tin;  fused  nilver-HaIt  imidiiee  either 
no  current  at  all,  or  the  opitosite  of  what  nii^ht  be  expected, — that  is  to 
say, — }Miaitive  electricity  goes  from  the  iron,  through  the  galvanometer,  to 
the  platinum.     Tliis  ciurent  is  thenno-electric.     (Faraday.) 


Two  MetaU  and  one  Liquid,  which  is  untf/ually  heated. 

The  Uquid  being  contained  in  the  U-nt  tulw  (App.  5),  into  the  arms  of 
which  the  two  metallic  wireH  dip,  and  the  portifm  in  one  ai'ui  only  being 
hc'iited  tilt  it  boils,  the  following  results  are  obtaiiied, — according  to 
Faruiiay. 

In  dilute  suiphui'ic  acid:  Hot  iron  is  Htrongly  positive  towards  cold 
tin;  hot  tin  atiil  more  strongly  pi:)sitive  towards  cold  iron. — Flot  iron  is 
fi'fbly  positive  towards  cold  load ;  hot  lead  strongly  positive  towards  cold 
iron. 

In  dilute  tiitric  add:  nt>t  tin  or  lead  is  positive  towards  cold  iron  ;  hot 
iron  [jositivc  towards  cold  tin  or  lead. — Lead  is  always  positive  towards 
tin,  but  hot  lead  more  strongly  than  cold. 

In  aqueous  solution  of  potash :  Cold  tin  or  cadmium  is  feebly  positive 
towards  hot  lead;   hot  tin  or  cadmium  strongly  positive  towards  cold 
.lead. 

■  In  yellow  solution  oj  $ulphide  of  potassium  :  Cold  zinc  is  po«itive  towards 
■not  catbnium  or  tin  ;  cold  cadmium  or  tin  is  positive  towardi?  hot  zinc — 
Culd  zinc,  tin,  or  silver  is  strongly  positive  towards  hot  lead;  hot  zinc, 
tin,  or  silver,  slightly  positive  towards  cold  lead, — Cold  tin  is  feebly  posi- 
tive ti>ward8  hut  silver  (which  becomes  tarnished) :  hot  tin  is  strongly 
{K>8itive  towards  cold  silver. 

Tfic  folh.ncing  are  rtvulfs  of  a  different  character :  Dilute  sulphuric  acid 
with  copfK?r  and  silver:  If  both  arms  of  the  tube  are  cold,  or  the  silver 
WTO  colli  and  the  copper  arm  hot,  the  deviation  amounts  to  only  1  '^ ;  but 
when  the  silver  arm  is  heated,  it  rises  to  20°,  diminishing  again  as  the 
liquid  euula ;  in  this  case,  the  copper  is  always  positive. — bilvcr  is  always 
fMwitive  tt)wards  platinum  in  dilute  sulphuric  acid ;  but  when  Ixjth  arms 
are  cold,  the  deflection  amounts  to  4° ;  when  the  silver  ann  is  heated,  it  is 
16°;  and  when  this  arm  is  cold,  but  the  platinum  ami  hot,  30' — This 
increase  of  the  current,  by  heating  the  part  of  the  litiuid  in  contact  with 
the  negative  metal,  is  due  to  the  increased  facility  with  which  the  current 
jMisses  from  this  melal  to  the  liquid.     (Faraday.) 

Mariunitii  likewise  fo^uiid  that  the  electric  current  uicreases,  both  when 
the  zinc  plate  is  heated  ln-ftire  inunerwion  in  (hlute  acid,  and  also  wheu  this 
plato  is  kept  aild  uikI  the  copper  platu  heated. 
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itrate  of  baryta  CO,  proUwulphate  of  irou  62*3,  cream  uf  tartar  62*4, 
BulplKite  of  inugiiL'sia  62'(],  acetate  of  eyda  C4-9,  bicarlwnate  uf  [lotasli 
6(>"7,  chlorate  of  potash  68"9i  carbonate  f)f  enda  69'2,  benzoic  acid  7U'7, 
lelanatt!  of  ammonia  71'1,  sulphate  uf  soda,  74*2,  beuzoate  of  iM)lash 
|76'6,  nitre  78,  nulplmte  uf  ptotash  MO,  conimuu  salt  84-8,  ahira  85,  citric 
iftcid  H')'7,  acetic  acid  87,  neutm!  tartrate  of  potash  92,  tartaric  acid  98*7, 
jhloride  of  calcium   110,   jthoKphoric  acid   127,  flowcrB  of   Bal-ammoniac 
ontaitiing  irou  13'(i,  oxalate  of  fjoUtwli   141),   sal-aintuoaiac  150,  acetate 
[of  copper  154,  hydrochloric  acid   IC4,  oxalic  acid  179,  8u!|ihuric  acid  289, 
[enlphate  of  cop]X'r  154,  eubuitrate  of  mercury  278,  nitrate  of  eilver  29«, 
chloride  of  gold  307,  nitric  acid,  358,  chloriile  of  platintim  418, — Aceord- 
uig-ly  as  one  (mrt  of  the  following  substances  is  dissolved  in  100  or  IviH) 

tjjarls  of  water,  the  deflection  produced  on  the  immersion  of  a  pair  uf 
zinc  and  copper  jilates,  is,  in  the  case  of  Bulpliate  of  magnesia,  as  24  :  \3; 
of  coimuon  salt,  as  5  :  3  ;  of  acid  oxalate  of  potash,  as  27  :  11  ;  and  of 
Bul(ihuric  acid,  a«  9  :  4. — If  the  dellection  in  pure  water  be  ansunied  =  1, 

*that  in  alctthol  =  0'323.  The  addition  of  salts  to  tlie  alcoliol  produces 
less  increase  of  deflection  than  the  coiTespoiidiug  addition  to  water  would 
occasion.  (Miirianini.) 

Ternptriiture  of  the  liquid. — A  zinc  and   copper  pair  in   salt-water  at 

tl?"  C.  iiroduces  a  deflection  of  0*2°  ;  at  35",  the  deflection  uiuonnts  to 
l-S"  ;  at  48%  to  20';  and  at  75%  to  4-0%  The  defli-ction  decreases 
gradually,  but  more  and  more  slowly  as  the  liquiri  cools,  lu  liquids  which 
excite  a  copious  current  even  in  the  cold,  the  increase  on  the  i>5)]>lication 
of  heat  is  not  so  c^msiderablo  [becain^e  in  this  case  the  chemical  action, 
being  already  considerable  in  the  cold,  is  not  so  much  increased  by 
heating].  (Marianhii.) 

The  (piantity  (tf  hydrogen  gas  evolved  on  a  plate  of  copper  connected 
with  uu  aumSgamated  zinc  plate  is  1^  times  as  great  at  15*5°  as  at  ll^"". 
(Binke.) 

Gradual  alteration  of  the  litjuiil.  —  Chemical  action  diminishes,  iu 
prop«irtiou  as  the  activity  of  the  Uipiid  iJi  contact  with  the  positive 
metal   is   diminished    by   saturation.     (Jircuinstances   which    renew    the 

»  liquid  increase  the  current. 
If  two  nu'tals  are  placed  in  the  two  arms  of  the  U-tube  (App.  5), 
and  one  of  them  is  move<l,  that  one  becotties  more  {wieitive  than  the  other. 
Tluis,  caibuium  is  positive  with  tin  in  dilute  sulphuric  acid;  but  if  we 
wait  till  the  deflection  has  diminished,  and  then  move  tlic  tin,  that  uictal 
immrdiiitely  Ih-ciiuk's  jKisitive.  (Faiadiiy.) 

In  water,  and  solutions  of  sal-ammoniac,  common  salt,  fiitre,  or  sul- 
plmte  of  zinc,  the  electric  current  of  a  zinc  and  copjK-r  pair  (hminishes 
quickly  and  regidarly  from  the  beginning  of  the  aeliiMi;  in  dilute  acids 
slowly,  often  not  tUl  the  acid  is  nearly  saturated,— slowly  also  in  ]K)tash. 
A  current  which  has  growji  feeble  in  a  saline  solufion  luay  be  reviv«'d 
by  willing  the  coppiT  surface  with  a  feather  [whiTeby  tlie  alkali,  &c. 
accuiimlated  theie  is  removed].  Wiping  the  zinc  plate  is  less  efficacious, 
and  stirring  the  li<piid  in  the  middle  dtx's  no  g-ood  whatever.  On  the 
coittraiy,  when  the  current  of  a  zhic  and  copper  jmir  in  oil  of  vitriol, 
fiohUioii  of  carbonate  of  potash,  or  liver  «if  sulphur,  has  grown  feeble,  it  is 
considerably  increased  by  wiping  the  zuic  plate  [iu  oil  of  vitriol  the 
wiping  removes  solid  sulphate  of  zinc].— I<'S8  by  wiping  the  copper. 
(Rosenschold.) 

Thichiei^  of  t/m  intervfnintj  Uip^d.     [The  nearer  the   two  metals  arc 
Kto   one  another  iu  the  litpiid,    and  the  shorter,  therefore,  the  scries  of 


«78 


ELECTRICITT. 


atoms  aloDff  wbich  transposition  nmst  take  place,  t)ie  less  vnQ  be  A- 
amount  of  [»nrely  ehoniical,  and  the  greater  that  of  electro-chtixuical acOi^ 
and  tlie  muru  abuudaiit  tborcfore  the  curreut.] 

If  the  fleliectiou  {jniduced  liy  a  jHiir  of  zinc  and  copper  plalM  ■ 
dilute  siilphnric  acid — the  distance  between  the  plates  being  21  \imt- 
be  assumed  =  1,  the  dcflectiim  at  12  linos  distance  will  be  1*3;  Hi  SVatk 
1*7  ;  at  3  linen,  2-1  ;  and  at  |  line,  2-(j. — The  deflection  is  gveAiet  wki 
the  plates  are  j^arallffl  than  when  they  ai"e  inclined  to  one  another  ■}• 
unj^^K;  of  45  ■  ; — and  least  of  all  when  they  arc  perpendicular  to  each  allic 
(Bigenn.) 

According  to  the  distance  between  the  amalgamated  zinc  pUte  aai 
the  co(i|ier  plate,  and  accordingly  as  100  nu-asuresuf  water  are  mixed  witt 
1,  3,  G,  9,  or  12  measures  of  oil  of  vitriol,  the  number  of  sciconds  rcquiitd 
for  the  evolution  of  a  given  quantity  of  hydrogen  gas  is  ae  follows: 


Dtstfltice. 
luL'hea, 


Measures  of  Oil  of  YitrioL        Dislanco 


12 
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The  law  enunciated  by  Gumming  and  Ritchie,  viz.,  that  the  cnmrni 
varies  inversely  as  the  Kqiian;  root  of  the  di.sta.nce  lietween  the  jjlate**  ii 
not  confinned  by  these  numlK-TH.  With  tlie  weakest  acid  (1  ineasiiro  u/ 
oil  of  vitriol  to  100  measures  of  water)  the  current  at  the  ilistwiov  «W 
44  inches  is  to  that  at  half  an  inch  as  1:5;  with  the  strongest  add  (IJ 
measures  of  oil  of  vitriol  to  100  measures  of  water)  the  miio  is  aa  1  :  S}. 
The  greatest  diminution  occurs  in  all  cases  at  the  incrense  i>f  the  distancr 
from  I  inch  to  1  inch.  The  anomalies  which  i.>ccur  in  the  table  an.'  nuukrd 
with  a  »tar.  (Hmks.) 

Surface  of  the  positive  metal. — A  nimlerately  rongli  amalgamated  lUK 
plate  ffroduces  the  strongest  action:  when  the  plate  is  either  quite  nDooiii 
or  very  uneven,  the  action  is  weaker;  in  the  latter  case,  to«>  much  okt- 
cury  n.^main8  ui  the  hollows  and  interferes  with  the  actiimof  tho  add 
—When  amalgamated  zinc  is  constantly  used,  the  impurities  which  it 
ctjntaiitR  accmuulute  on  its  surface  and  weaken  the  action  of  the  iici«i ! 
hencti  it  must  be  cleaned  r>ccasionally.  (liiiiks.) — When  a  plate  <if 
gamated  zinc  connected  with  copp«.'r  and  immersed  ui  dilute  buI 
ucid  has  b<»oome  covered  with  bubMes  of  hydrt»geu  gas,  the  mr 
increased  in  the  ratio  of  2  :  3  by  rem(»nng  the  bubbles  by 
thus  increaKing  the  effective  surface  of  the  zinc.  The  en 
weakcue^i  by  phicing  the  zinc  plate  in  the  horizontal  position,  wl 
A  OonKidemlile  quantity  of  gjis  is  suffered  to  accumulate. 

Contbictiuif  power  of  the  cofinectiti(/  wire. — [The  more  the  poaaagQ 
negative  electricity  fr^im  the  |jositive  to  the  negative  metal  w  \tti\    ' 
by   inqierftHH    c«in«bictir>n,   the    more*  docs  the  elcctro-clieraical 
diminish,  and  the  purely  chemicrul  aetion  inuivase.] 
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If  a  pair  of  zino  and  copper  plates  lairaeraed  in  water  be  comiectod  at 

>tic  time  by  a  thick  timl  rtlinit  wire,  at  iinothcr  by  a  very  tliin  and  htu\^ 

nn\  which  iiffiu-H  7(HM1  tiuirs  as  much  resistance  as  the  foniior,  the  fjuiin- 

ity  (if  tho  current  in  tlie  lii-st  iiiKtauce  will  be  to  that  of  the  seetmd  as  1 1 :  I  : 

>nt  in  dihitf  Biiljihiiric  iu.'id,   the  raliu  =  IJil  :  1.  (Foehner.)     [Tiie  small 

iiiaiitity  of  electricity  developed  by  tho  water  finds  an  easy  passage  even 

nrcni}j;h  the  long'  thin  wnre, — hence  the  cuiTent  ia  but  sliglitly  weakened ; 

but  nf  tlie  larji^e  {juautity  develoiied  by  the  dilute  acid,  only  a  verj'  Hinall 

l>ortJuu  goes  through  the  thin  wire, — hence,  in  this  ca«e,  the  neg-ativc 

electricity  set  free  in  the  zinc  is,  for  the  most  part,  transferred  dii'ectly  to 

the  hydrogen.] 

When  zinc  and  copper  are  connected  by  a  very  thin  copper  wire, 
IGjliuy  feet  lou^,  the  quantity  of  the  current  produced,  varies — accordiu^-ly 
as  tilt'  metals  are  inimorsed  in  weak  or  strmif?  nitric  acid  (the  latter  of 
which  likewise  evolves  g'as  on  the  copjier) — in  the  ratio  of  100  :  52. 

The  cop|M.T  wire  which  counecta  the  two  metals  fjives  a  strong-cr 
cunent,  when  its  conducting  power  has  been  increased  by  previoua  igni- 
tion. (Binks.) 

Nature  of  thf  negative  metal. — [The  prcviowa  aseumptlon  that  the 
electric  current  is  stronger  in  projiortion  aw  tho  negative  metal  cnij»loved 
is  innre  decidedly  negative  towards  the  [R>sitive  metal,  e.  f/., — stmnger 
with  silver  than  with  copper,  and  with  platinum  than  with  silver,  &c., — is 
nnt  fnund  to  be  c<3rrect  in  all  cases,  at  least  as  regards  Qtiantld/.  The 
facility  with  wliicli  negative  electricity  is  transfeiTed  from  the  negative 
metal  U>  the  separated  electrn-jK>sitive  element  of  the  liijnid,  appears  to 
vary  acconling  to  tlie  nature,  both  t>f  the  iiijuiil  and  of  the  metal.] 

Zhic  in  dilute  sulphimc  add  produces  a  stronger  current  wiui  cop|K>r 
than  with  platinum,  beeausi-  the  hitter  transfers  the  negative  cleclrieity 
tt.)  the  liquid  less  readily  tliau  the  former.  (He  la  Rive.) 

In  dilute  8id[jhuric  or  nitric  acid,  and  in  solution  of  common  salt  ox' 
ciwstie  potash,  zinc  gives  a  stronger  current  with  inm  than  with  any  of 
,  the  other  metals,  even  though  they  may  bo  much  more  jxiwerfully  nega- 
Itive  than  iron.  (Foggendorff.)  Likewise,  in  solution  of  nitrate  or  c»rl)on- 
ate  of  potash,  zinc  gives  a  more  abundant  current  with  u"ou  than  with 
copper ;  but  in  i<me  water,  dilute  hydrochhuic  acid,  solution  of  sulphate 
of  wmJu,  carbonate  of  anunnnia,  or  sjil-ammoniac,  and  in  alcohol,  it  gives 
ft  stronger  cuireut  with  copper  than  with  iron.  (Petriua,  Zeitschr.  Ph. 
V.  W.  6,  281.) 

Charcf>al,  though  more  negative  than  platiniuu,  gives  a  weaker  current 
with  zinc;  it  is  c<»nsiderably  im[troved  by  the  precipitation  of  platinum 
f)n  its  surface.  (Smee ;  Cvmp.  Roberts  and  Poggendurff,  p.  360,  and 
Murianini,  p.  351.) 

Condition  of  the  aurface  of  the  ntgntive  nittal. — [The  more  imcvcn  tluj 
surface  of  the  negative  metal,  the  more  abundant  is  the  current.  The 
readier  evolution  of  gas, — c.ij.^ol  hydrogen guj* — on  iiie<|ualiti(.'Hof  surface 
(|».  271),  nnist  here  be  taken  into  account.  Covering  the  sm-face  of  the 
negative  metal  with  thin  lilnis  of  substances  having  less  conductuig 
power  w«.'akens  the  current.] 

When  the  copper  connected  with  the  sdnc  has  a  smooth  surface,  the 
deflection  is  less  tlian  when  it  is  jjerforated,  bent  in  various  ways,  engraved 
in  squares  or  scratehed  with  a  file  in  all  directions,  (liig'eon.) 

The  hydrogen  esaipes  most  abundantly  at  the  edges  and  angles  of  tho 
negative  metal.  Unignited  platinum  i>r  silver  docs  not  take  up  the  liipiid 
>  readily,  and  iherefore  does  not  give  so  Btrong  a  current  as  that  whie 
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has  beeu  ignited.  Charcoal  long  exposed  to  the  air  is  lees  effective 
freshly  ignited  diarcwil.  Spwigy  platinum,  (»r  platinuin  foil  covered 
pkfmuui  firjwdcr,  ucts  num>  Mtioriu'ly  thun  ptn<»otii  [ilatinuin  foil.  Tbc 
follownng  Buhatiinci's  immersed  in  dilute  sulphuric  acid,  in  contact  with 
anialgainutfd  zijic,  liljcnite  the  following  ipnintities  of  hydrogen  gas  in  » 
minutt," :  Platinum  fnil  covered  with  platinum  ptiwder,  5  ciibic  inchi^t 
smooth  i)latinum  foil,  after  ignition,  1 ;  the  same  uuignited^  ^;  platiuiAid 
c<Ttko,  f;  common  coke,  |f  cub.  in.  If  the  liquid  contains  nitric  acid, 
coiiHe(}uenlly  no  gna  ia  evolved,  the  current  is  not  much  increase*!  b; 
pulverulent  condition  of  the  eurfac^e  ;  hence  it  is  the  more  rapid  evolution 
of  gas,  and  not  the  estetision  of  autface,  that  causes  the  increase  in  the 
current.  Other  finely  divided  mctulrt  do  not  act  so  powerfully  as  platinuin, 
with  the  exception  of  palladium, — wiiieh  however  does  not  produce  modi 
effect  in  tiic  B|M>ugy  state — hut  when  precii>Jtated  njxin  platinum  or  silver, 
acts  as  strongly  as  finely  divitU'd  jilatinum.  Corisiderable  effect  is  pnv 
duccil  by  platinum  precipitated  on  palladium,  eilver,  or  plated  copfn'r. 
The  silver  or  plated  cop]>cr  (thcun[)latcd  surface  of  the  latter  being  covert"d 
with  varnish)  is  immersed  in  wafer  ficKhilatcd  with  sulphimc  acid,  ta 
which  some  solution  of  chloride  of  platinum  has  been  added, — and  con- 
nected by  a  wire  with  a  zinc  (date  contained  in  a  poitius  vessel  tilled  with 
dilute  sulfihuric  acid,  and  immersed  in  the  first-mentioned  fluid.  Tin- 
platinum  attaches  itself  to  the  silver — provided  the  surface  of  this  niet«l 
has  been  previously  roughened  with  stmng  nitric  acid — so  strongly,  th»t 
it  cannot  be  removed  by  rubbing   (Smec.) 

Ignition  renders  a  eojJiH.'r  plate  more  active,  by  increasing  its  con- 
ducting power  and  removing  any  impurity^ — for  example,  the  grease  of  the 
finger — whicli  may  be  attached  to  it. — A  plate  of  C4>pper  thrown  in  a  state 
of  ignition  into  sulphuric  acid,  and  then  cleaned,  cxhibitt;d  renmrkabti! 
activity. — Wliile  the  circuit  is  closed,  the  copper  connected  with  /.inc  in 
dilute  sulphuric  acid  is  continually  contracting  impm'ities, — in  cons«Hjuetjce 
of  whicli,  the  evolution  of  gas,  and  tlw  refore  also  the  electric  current, 
suffers  considerable  (hminntion.  If  the  quantity  of  hydrogen  gas  evolvod 
on  the  surface  of  the  copper  iu  the  first  ft  minutes  be  35  measures,  tlw 

aunntity  evolved  in  the  second  e<|ual  interval  will  be  33  mejwsures;  in  the 
lird,  29  ;  in  the  fi>urth,  24  ;  in  the  fifth,  1 7  ;  and  in  the  sixth,  9.  On  clean- 
ing the  copper  plate,  the  qusuitity  again  rises  to  33  measures.  (Binks.) 

RelcUiee  extent  of  surface  nf  the  fifjjative  metal.  —  [The  greater  the 
Burfa*«  of  the  negative  metal,  the  greater  also  is  tlie  facility  with  wluch 
the  negative  electricity  imsses  from  it  to  the  separated  positive  element  nf 
the  liquid  (hydrogen,  metals,  &c-), — and  the  stronger  therefore  is  Iho 
current.] 

The  surface  of  the  mc  plate  roraaining  the  eamo,  the  qnanijty  of  the 
current  is  considerably  increased  by  cidarging  the  surface  of  the  ooj»|icr 
plate.  In  dilute  sulphuric  acid,  the  current  is  doubled  by  increasing  ihr 
wipjHjr  surface  twofold,  trebled  by  increasing  it  tenfold,  and  quadrupled 
by  increasing  it  thirty-fold.  Enlarging  the  zinc  surface,  while  that  of  llic 
copper  remauiH  the  same,  produce's  l>ut  little  uicreasc  of  the  current 
piecause  this  relative  diminution  of  the  copper  surfjuv  increases  tlie 
amount  of  purely  chemical  action].  Increasetl  tliickness  of  the  raHal 
plates  has  no  effect  whatever.  (Marianiui.) 

Increasing  the  surf  aw  of  tl>e  negative  metal  strengthens  the  canreiil 
most,  when  the  cheniiail  actiori  is  weakest.  (l)e  la  Rive.) 

A  Jiinc  plate  whose  surface  is  equal  i(\  J  of  that  of  the  copper  ptaUv 
gives  (M  8U"ong  a  current  wn  it  would  yield  if  its  surface  were  e<](ial  In 
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lat  of  the  copjKT  ;  but  if  tbo  zinc  surfivco  be  Bivll  furilier  diniinisbod,  the 
iviit  tlo<.n-<'.i8«t?.  (MtilliriH.) 

Tilt'  grt'iiU'i"  tlrf  distance  l>ptwf'on  tho  two  plates,  the  gri^si^tcr  is  the 
icreaHL'  in  tho  i|uantity  «>f  the  current  |irn(iuce«l  by  a  ^ven  enlargement 
)f  either  of  the  plates.  The  distance  Ijetween  the  nietuLs  l>eing  4  lines  in 
>ije  ease  and  9  lines  in  the  either,  and  the  de(iec(i">n  prixhieed  when  the 
'tWfi  ])lat^'K  havi-  enual  surfaces  being  aMsunied  =  l,  the  fiJltiwitig"  are  the 
<leiiectii>nrt  obtained  mi  increasing  the  Boifaceof  one  or  other  of  the  plates, 
(Bigeon,  Ami.  C/iim,  Phifs.  46,  80): 


Dintance  -  4  inches. 

Zine  surEoce.    Copper  BurfMe.    Deflection. 

1                      1  1 

1  I  13 

1  1-2 

2  l-4i5 
6  2-33 


Dictancc  —  9  inches. 
Zinc  Barfoee.    Copper  iwrface.    Deflection. 


d  I  1-8 

1  1-5  1-21 

1  2  1-47 

1  2-6  1-66 

1  3  2-28 

1  4  2-69 

1  6  8-00 

The  greater  the  surfaec  of  the  copfier,  the  smaller  is  the  quantity  of 
hyiliogen  gas  wiiieh  attm-hea  itself  in  hubbies  to  fbe  Rurfaoe  nf  tlie  amal- 
gamated zinc  [the  smaller  is  the  amount  (jf  purely  ehemieal  aetion], 
Jiinks. — Several  cxixunmcnts  of  liinliH,  on  tln.^  iiuantity  of  hydx<>gi*n  gas 
evolved  on  the  copier,  according  to  the  extent  of  oojijier  snrface,  ami  like- 
wiHe  according  to  the  distance  of  the  co]i{^)er  j>late  from  the  amalgtunattid 
zinc  [ilate,  will  1k)  found  in  tiie  Phil.  Mmj.  J.  12,  171. 

Movements  of  jnercwri/  in  the  ^imph  Gah'onic  circuit. — When  mercury 
togi'tlier  with  another  metal  comes  in  contact  with  different  lit^uids, 
pii-iiliar  itiotiona  of  the  liquid  and  of  eubslances  floating  in  it  are  ofteu 
[iroduced.  [The  immediate  C4inse  is  doutitless  to  be  found  in  motion  pro- 
<hiecd  in  the  itiercury  itself, — which  motion  is  cominunicatcd  to  the  other 
liijuid  and  is  there  m(»re  easily  jXTceived.  But  the  cause  of  the  original 
nioiion  in  (he  mercury  is  yet  to  bo  tliseovered.] 

1.  Small  pieces  of  potassium  or  sodium  placed  on  the  surface  of  mercury 
covered  with  a  thin  (ihn  of  water,  move  ra[iidly  abi>ut,  rotating  at  the 
same  time,  until  they  are  oxidated.  On  dry  mercury  in  dry  air,  no  motion 
is  proiluced. 

Pieces  of  an  alloy  of  antimony  and  potiissium  exhibit  similar  effects, 
the  BUialler  ones  rotating  rapidly,  those  of  gn-ater  magnitude  revtijving 
in  large  circles,  and  oblong  pieces  of  still  greater  size  moving  backwards 
and  forwards.  The  motion  continues,  till  a  tilrn  of  carbonaceous  matter 
and  otiier  impurities  (previously  existing  in  the  alloy)  is  formed  on  tlie 
snrface  of  tlie  water.  A  few  drops  of  nitric  acid  likewise  cheek  it  in  a 
great  degree. 

Small  pieces  of  an  alloy  of  bismuth  and  potassinm  move  abont  both  on 
mercury  covered  with  water,  and  likewise — though  more  slowly — on  tlic 
tmked  surface  of  that  metal.  In  the  latter  csise,  the  moisture  of  the  air 
comes  into  play  ; — for,  on  perfectly  dry  mercury  in  jjerfeetly  dry  air,  no 
motion  takes  place, — tliough  it  immediately  commences  on  the  addition  uf 
water.  The  motion  in  common  air  likewise  ceases  when  the  air  is 
removed  by  the  air-pump,  but  recommences  on  its  readmission.  AVhen 
yfcwater  is  present,  however,  the  motion  continues  even  after  the  air  has  beer 
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that  nf  the  copper :  but  if  the  zinc  surface  be  Btill  further  diminished,  Ihe 

ciiiiri)(  decreases.  (MuUiii8.) 

The  i^reator  the  difitanc<?  between  the  two  plates,  the  greater  is  the 
increase  in  the  quantity  f)f  the  current  jirmhtced  ljy  a  given  enlargement 
of  eitlier  of  tlie  plates.  The  distance  Ix'twecn  the  metnls  Ix^ing  4  lines  in 
one  case  and  9  lines  in  the  other,  and  tlie  detk'etii>n  |iriKl(iee<l  when  the 
two  jilates  have  equal  surfaces  In'ing  aMsunTeH  =  l,  ihv  Inllowiiig  arc  the 
delU?ctit»ns  obtained  on  increa.sing  the  surface  of  one  or  other  of  tlie  plates, 
Bigeon,  Ami.  C/tim,  Pfii/s.  46,  80): 


Dist&nce  =  4  inche*. 

;o.    Copper  Bwrraco. 

1 
1 
2 
6 


DeflecMon. 
1 

113 
1-2 
1*6 
2-83 


Di 

atanco  =  9  inchi-e. 

Zinc  Burfsoo, 

Copper  surface.    I 

^flecti 

1 

1 

1 

2 

1 

1-25 

3 

1 

18 

1-5 

1-21 

2 

1-47 

2-5 

1-66 

3 

2-28 

4 

209 

6 

8-00 

Thu  (rr<*at»-'''  ^^»i'  surface  of  the  copi^T,  the  smaller  is  the  tpiniitity  f4 
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ELECTRICITY. 


exhauated.  During  the  motifni,  a  black  film,  conBisting  of  charcoal.  fi«dy 
divided  biHmul)),  an<l  bubbKs  of  hydio^^'i'u  ^its,  is  fornKMl  on  the  surface  of 
the  water  and  miTcury.  Tliis  film  Ih  juiHlu'd  anido  by  the  moving'  piccca 
of  metal.  But  if  a  mt^'tallic  rod  of  biMimidi,  zinc,  tin,  iron,  co]>pi*r,  bnuM, 
or  Rilvrr,  be  tlijiixxl,  not  ni<rely  into  tlie  watrr  Imt  into  tlio'mercury  also, 
the  tilin  iiuitkly  cTiJlci'tK  jinnnid  it— I'Vf-n  fp)ni  a  corisidorablr  distaiiw — and 
houps  itself  npon  it; — and  tliis  pnxiess  gooK  on  till  all  tlio  |MitH.ssiiim  is 
oxidated.  Roils  of  wtuHl  or  ivory  do  not  Jittract  tho  film ; — the  cause  m 
tiiiTofore  electrical-  If  the  jKisitive  and  negative  wircw  of  a  l)altcry  l« 
ininierwd  in  the  water — insiieli  a  manner  that  neither  or  only  one  of  them 
may  touciti  the  merciu^', — the  lilni  eollt'ctri  rmind  the  negative  wii*e;  whiltit 
by  the  poHitive  wire,  it  in  alternately  attmcted  and  re p«dled :  on  bringing 
tlie  jxwitive  near  the  negative  wire,  the  film  is  driven  away  from  the 
latter.  A  picee  of  tlie  alloy  of  the  size  of  a  [>ea  will  sometimofl  contiriu* 
to  move  for  several  day8,  — When  the  mercury  is  covered  with  Bidutiou  of 
common  salt,  the  motirm  is  slower.  If  a  metallic  rod  be  then  introduced, 
it  fixes  the  film  and  keeps  the  euelosed  (ticces  of  metal  at  rtst,  as  long^  aa 
it  continues  immersed.  GaK-biibbleH  are  likewise  evolved  upon  it. — PitxxTB 
of  lead,  tin,  or  inm,  containing  but  small  (juatititiea  of  |>ota88iiuxi,  and  not 
capable  by  themselves  of  di-eomposing  water,  move  about  and  rotate  on 
the  surface  of  wet  inere«rv,  the  moti«m  being  quicker  as  the  piecofi  are 
suialler. — Alloys  of  sodium  with  antiuiony  or  bisiuulh  liehave  like  thftso  nf 
p)tJts**ium. 

These  motions  proceed  from  the  evolution  of  hydrog'en  pas ;  for  an 
alloy  of  antbuoiiy  with  a  large  tpiatttity  of  potassium  moves  a  little  when 
simply  filaced  on  the  surfjux;  of  water  tir  alcohol,  and  always  in  a 
direction  iipjxiaite  tri  that  in  which  the  greatest  evolution  of  gas  tak(<« 
placi!. — Traces  of  bistimtli,  tin,  lead,  copjM-r,  and  silver,  dissolved  in  mer- 
cury, separate  on  the  addition  f>f  potash-amalgam  nn<l  water. — birnuse  an 
evohition  <if  hydrogen  gas  takes  place  on  the  bismuth,  iK'-  (.^N^rnlhiA,  J. 
Phy».  91,  170';  93,  120;  Ann.  Cftim.  Pfit/s.  34.  IM.~  Comp.  Ermaii, 
Gtll.  28,  85^.) 

2.  A  quantity  of  mei-cury  in  a  basin  is  wavered  to  the  depth  <if  a  Inie 
with  sttlutittii  of  common  salt,  a  small  crystal  c->f  sulphate  of  copjx'r  ]>hicnd 
upon  it,  and  an  iron  wire  made  to  dip  through  the  solution  inti>  the  mer^ 
cury.  The  film  of  njetallie  ohlijrides,  which  had  pre\'iously  bmned,  imme- 
fliately  splits, — the  niercuiy  liecomes  bright, — and  vortical  curn^nts  arc 
prodiux'<l,  pr<x:<!e<ling  from  the  crystal.  The  crystal  moves  and  turus 
itself  about  in  various  directions, — dinnnishes  in  size, — and  dissolves  much 
more  quickly  than  it  would  if  the  iixm  were  not  there;  when  it  is  <i>m- 
pletely  dissolved,  the  motion  ccsises.  When  the  crystal  touches  the  mer- 
cm-y,  it  movies  al>out  the  surface  in  circles  in  a  ve-ry  curious  manner.  Zinc, 
bismuth,  lead,  and  c<i|>|x*r,  act  Uke  iron;  antimony,  silver,  gold,  and  pla- 
tinmn,  on  Uie  contrary,  jinnlucc  no  effect.  When  the  men'ury  has  Ikhmi 
imeil  several  times  for  this  exftorinient,  and  thereby  becomes  loaded  with 
cop{>t!r.  the  motion  is  produced  without  the  assistance  of  iix)n;  and  in  tlio 
same  manner,  copjMT-amalg-am  will  also  produce  it  with(»ut  in)n. — Mer- 
cury placed  in  contact  with  iron  an<l  solution  of  conunon  sidt,  also  givM 
rii«G  to  currents  in  the  solutitui,  without  the  RSHistanc*'  of  Riilphate  of 
iVjpjKT, — but  this  motion  is  very  different  from  that  just  dowrilK-d, — If 
the  mercury  Yh-  phu'red  in  a  copjier  vessel  hned  with  blotting-jMijvr,  tho 
motion  is  prtiduc^d,  as  noon  aa  the  cojijter  and  mercury  are  connected  by  n 
platinum  wir«». 

Sal-ammoniac,  chloride  of   iMitassiuni,  ehlori«le  of  ntuminnni,  neoqm- 
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chloride  of  chrominin,  and  protochloride  of  iron,  act  much  less  strongly 
than  common  salt ;  chloride  of  barium  and  chloride  of  calcium  act  only  in 
the  dilute  state,  and  for  the  most  part  but  feebly.  No  action  is  produced 
by  perchloride  of  iron,  chloride  of  cop|)er,  protochloride  of  mercury  or 
chloride  of  platinum :  or  by  chlorate  of  potash,  iodide  of  potassium,  salts  of 
sulphuric  or  nitric  acid,  concentrated  hydrochloric  acid,  aqueous  solution 
of  tartaric  or  oxalic  acid.  In  dilute  sulphuric  acid,  the  crystal  moves  at 
first,  but  soon  becomes  covered  with  a  red  coating  of  copper,  and  is 
brought  to  rest.  Dilute  nitric  acid  produces  motion  merely  with  mercury 
and  iron ;  but  the  addition  of  sulphate  of  copper  greatly  increases  the 
effect.  Sulphate  of  copper  may  be  replaced  by  pieces  of  chloride,  nitrate, 
or  acetate  of  copper ;  with  the  first  of  these  salts,  however,  the  motion  is 
ill-defined,  because  the  solution  is  too  rapid, — and  with  the  last,  because  it 
is  too  slow.  Borate  and  phosphate  of  copper  act  only  on  the  addition  of 
nitric  acid  to  the  solution  of  common  salt.  Salts  of  bismuth  substituted 
for  sulphate  of  copper  produce  a  slight  motion  ;  salts  of  tin,  a  stronger 
one ;  salts  of  zinc,  lead,  manganese,  and  iron,  none  at  all.  Nitrate  of 
silver  produces  rapid  motion,  if  dilute  nitric  acid  be  substituted  for  solution 
of  common  salt.  (Runge,  Pogg.  8,  106.) 

Mercury  containing  a  small  quantity  of  zinc  in  solution  acts  power- 
fully with  solution  of  common  salt  and  soUd  sulphate  of  copper  without  iron, 
— or  with  solution  of  corrosive  sublimate  and  solid  corrosive  sublimate  or 
sulphate  of  copjxjr.  (Poggendorff,  Pogg.  8,  112.) — The  addition  of  hydro- 
cliloric  or  sulphuric  acid  to  the  solution  of  common  salt  accelerates  the 
motion  of  the  sulphate  of  copper.  Again,  if,  in  place  of  the  crystal,  a 
drop  of  solution  of  sulphate  of  copper  be  added  to  the  solution  of  common 
salt,  the  mercury  acquires  a  trembhng  motion,  which  is  communicated  to 
any  light  particles  that  may  be  floating  in  the  upper  liquid.  (Gm.) 

3.  When  a  drop  of  a  mixture  of  ordinary  nitric  acid  with  an  equal 
quantity  of  water  is  placed  upon  mercury,  it  spreads  itself  over  the  sur- 
face. On  dipping  an  iron  wire  into  the  mercury,  the  add  instantly 
collects  round  it,  while  a  jerking  motion  is  communicated  to  the  mercury ; 
on  withdrawing  the  wire,  the  add  again  diffuses  itself  over  the  surface. 
This  phenomenon  is  not  exhibited  by  hydrochloric  or  sulphuric  acid.  A 
globide  of  mercury,  four  lines  in  diameter,  completely  covered  with  nitric 
add,  acquires,  on  the  immersion  of  an  iron  wire,  a  violently  tremulous,  and 
often  a  regular  rotatory  motion, — which  is  likewise  communicated  to  the 
iron  wire,  if  it  be  laid  in  the  proper  direction.  The  motion  of  the  mercury 
continues  for  a  considerable  time,  the  wire  being  at  the  same  time  strongly 
attacked ;  and  as  the  mercury  comes  to  rest,  the  acid — which  gradually 
assumes  a  greenish  brown  tint — ^is  thrown  into  a  state  of  violent  rotatory 
motion ;  at  the  same  time  a  film  collects  round  the  wire,  the  rest  of  the 
mercury  remaining  bright;  and  when  the  wire  is  withdrawn,  the  film  spreads 
itself  over  the  entire  surface.  Tine  and  cadmium  cannot  be  substituted 
for  the  iron. — probably  because  they  amalgamate  too  quickly. — The  U-tube 
{App.  4)  containing  mercury,  and  nitric  acid  being  put  into  the  arm  b 
above  the  mercury, — also  an  iron  wire  being  made  to  dip  mto  the  mercury 
in  a  and  another  into  the  add  in  6, — the  mercury  in  b  falls  half  a  line, 
whenever  the  projecting  ends  of  the  wires  are  made  to  touch  one  another  ; 
bubbles  of  gas  are  formed  on  the  surface  of  the  mercury,  and  move  to  and 
fro  every  time  the  circuit  is  opened  and  closed ;  and  above  the  mercury, 
there  is  formed  a  greenish  brown  solution  of  iron  (protonitrate  of  iron 
containing  nitric  oxide),  which  is  driven  to  the  top  when  the  circuit  is 
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dosedi    When  solution  of  tlic  Iron  ultimately  takes  p1*oc,  attended 
evolution  of  gas,  the   |)eciiliar   plionnmena  disappear.  (Kiiugt3,    Poffff. 
1)5.) 

4.  If  a  p;lnbiik>  of  niercnrj'  at  tlic  bottom  of  a  solution  of  Btibnitrate 
of  inorcury  (which  had  Ix-tter  conwist  of  I  nifasiiro  of  a  SMliitiou  of  sj).  gr. 
1*28  pre(j;ii'cd  ia  the  cnUl,  and  contaiiiiiig  no  more  free  acid  than  is  nccn-*- 
Baiy,  dihjti  d  with  2  measures  of  watt-r)  he.  touched  with  a  Htri|»  of  zinc, 
the  mercury  mhU  run  up  the  zinc  with  R-reat  rapidity,  then  fall  dnvn 
ag'aiii,  and  so  on, — at  the  same  time  pinducing'  cnnvnts  in  the  Bolution, 
either  till  all  the  zinc  is  destroyed,  or  tho  morcnrinl  solution  exhauet-cd. — 
If  a  strip  of  zinc  3  lines  long  be  laid  on  a  p^lobnlc  of  mercury  from  1  to 
1^  line  in  diameter,  contained  in  a  small  saucer,  under  a  solution  of  sub- 
iiitrate  of  mercuiy, — the  niercnry,  as  so<jn  as  it  has  wetted  the  zinc,  begins 
to  move  by  fits  and  starts — is  violently  tiirown  ia  and  fro — and  presently 
ac<^uirc8  a  rotat4)ry  motion,  running  romid  a  circle  |  of  an  inch  in  dia- 
meter at  least  tlurty  times  iu  a  minute.  When  all  the  mercurial  solution 
is  decomposed,  or  a  sufficient  quantity  of  zinc  is  dissolved  in  the  morcar}', 
the  motion  suddenly  stops.  Other  metals,  <?.  g.  iron,  do  not  produce  thi« 
effect. — The  motion  stops  as  soon  as  the  mercury  has  dissolved  j^  zinc; 
it  may  therefore  be  immediately  sto|)|icd  by  adding  a  little  zino-anialgaiu 
to  the  mercury.  The  rotation  apjK'ars  then  t^)  dei^cnd  on  the  formation  "if 
an  amalgam  of  zinc,  and  to  c^ase  as  soon  as  this  substanoc  is  fonnc«i. 
(Uunge,  Pogg.  16,  304;  17,  437.) 


2,  One  Metal  and  one  Liquid. 

a.   When  onlif  one  piece  of  Meted  cornea  in  contact  with  the  Li4{iiid. 


When  dilute  sulphuric  nr  nitric  acid  is  poured  upon  iron  filings,  giving 
rise  to  tiie  evolution  nf  hydrogen  or  nitric  oxide  gas,  negative  «'lectr»city 


apiiears  in  the  residue. 
When 


(Ijivoisier  &  Laplaai,  Crelt.  Ann.  17«8,  1,  3iil, 
an  acid  is  dropjx>d  on  an  oxiilable  metal  in  a  state  of  ignition,  the 
metal  becomes  negative,  while  the  vajKinr  exhibits  positive  eli«ctTicitv. 
(I)e  la  Rive.) — When  pulverized  nitrate  of  copper  is  wra{)j)ed  up  iu  linfoil, 
decorajosition  ensues,  attended  witli  emission  of  sparks  and  evolution  ol 
gas, — and  negative  electricity  apijcars  in  the  resulting  product.  (R.  Bott- 
ger.) 

[Metals  during  oxidation  give  out  negative  electricity,  which  mast  be 
taken  up  by  the  hydrogen  or  nitric  oxide  gas  evolved.  l?ut,  m  conaeqaeoco 
of  the  ra|.iid  evolution  ol  gas,  this  transfeixmce  of  el«>ctri«-ity  is  not  «im- 
plete;  the  gases,  therefore,  t;ike  the  required  quantity  of  negiilive  elec- 
tricity from  the  electricity  which  is  in  the  latent  state ;  and  hence  they 
ap|H!ar  positively  electrified,  whilst  negative  electricity  appears  in  tho 
residue.] 

b.   When  two  pieces  of  the  same  Metal  dtp  into  one  Liquid. 

The  two  piecefl  of  metal  being  connected  by  a  galvanonM!t<^r,  a  feeble 
cnrri'tit  is  pnnluced,  in  those  cnsos  only  when  some  difference  eiistH  in  tlw' 
fihysi<:al  chanicler  or  in  the  siirfaoe  of  the  pieces  of  metal,  or  Id  the  UftO' 
pcralun?  or  c»Mnj>OHitiou  of  the  liquid  in  different  parts. 

D^eitfU  jth^MCtd  c(in*tituiinn  uf  (he  piecer  of  metal.— Soft  eoppttr.  iron 
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zinc  in  dilute  sulplmrio  acid  is  negative  towards  the  same  metal 
ued  :i8  imich  as  pOKHiljlf  Ijv  hamincrinu;.  S»)ft  steel,  on  the  contrary, 
iH  p<iaitIvo  towurds  Jiard  steel.  (Rit<;hio.) — Spong'y  piatiiimn  in  dilute 
Bulphuric  or  nitric  acid  is  neg'ativc  towai-ds  |iltitiuujii  wiic.     (Dc  la  Rive.) 

Dilfheiit  mwjnittak  and  siuouthne&'i  of  surface. — If  a  ftiiiall  piece  of  zinc 
foil,  and  atiotliei-  |»iece  twcnty-fum-  times  as  larg-e,  ai"e  immersed  in  aild 
dilute  acid,  the  former  is  jtositive ;  but  in  stronger  acid,  especially  when 
heated,  the  larger  piece  is  positive.  (Vliet  &  Ilaaxmarm,  N.  Br.  Aivhw.  3, 
131.) 

If  tlic  surface  of  a  zinc  [ilate  be  increased  twofold  by  cutting  into  it 
with  a  file,  this  plate  will  be  strfingly  nepjative  in  nitric  add  towards 
aniitlier  nf  the  same  size,  but  having  a  stnooth  Hurface, — although  the 
rough  plate  will  i>e  most  rapidly  oxidated,  (llltchie,  N.  Edinb.  J,  ofSc.  2, 
150.) 

In  water  containing  but  a  small  quantity  of  sulphuric  or  uitric  acid,  a 
large  zinc  plate  is  negative  towards  a  smaJl  one.  With  a  larger  quantity 
of  acid,  and  particularly  when  the  liquid  is  boated,  the  current  goes  the 
contrary  way.     (Oeretedt.) 

Whether  the  jjlates  are  equal  or  unequal  in  size,  they  give,  when 
simidtaiieniiiily  itiimereed  hi  aciaulat«d  water,  either  a  feeble  current  which 
sonti  c^ascfl,  or  no  ciuTcnt  at  all.  In  dilute,  as  well  as  in  modei-ately 
stronp;  sulphuric  acid,  the  naiTower  zinc  plate  is  ahnost  alwaj's  negative, 
—rarely  imsitive.  The  current  ap|x;ar8  to  Ix^  produced  oidy  when  the 
two  plates  are  not  iruiui  rseil  exactly  at  the  same  time.  (Wetzlar.) — 
Wulcker  also  did  not  obtain  any  satisfactory  results  with  plates  of  differ- 
ent sizes,  and  having  surfaces  of  different  degrees  of  smuotlmcsa. 

[Compare  Zamboiii's  piles  with  two  elements.] 

iJijfti'eiwfs  in  lieanliiiess  nfmrface.- — Coji|>er  covered  with  oxido  is  nega- 
tive, in  solution  ()f  nitre,  towardH  clean  cnpper.  ^Becquerel.) — In  dilute 
sulphuric  acid, — zuic,  tin,  lead,  irtui  and  eopjH'r,  nxtdated  on  the  surfiice, 
are  negative  towards  the  same  nietalK  with  bn;4-ht  surfaces.  (Miiriiiniiii.) 
— Zifjc,  tin,  iron  or  eopjx't,  after  beuig  heated  in  thf  air  till  it  taniiKJies, 
is  negative  towards  bright  uietaL,  in  iicid,  alkaline,  or  saline  liquids. 
(II.  Davy.) — In  hy(h*08ulphate  of  potash,  eojijKir  covered  Avith  Kulphide  is 
negative  towards  clean  enp(.>er,  but  fxisitive  towards  the  same  metal  heated 
in  the  air  till  it  hsis  become  tarnished.  (H.  Davy.) — Tin  which  haw  beeomo 
dull  by  itiuiievrtioii  in  nitric  acid,  is  negative  in  solution  of  p(tta«h  towards 
clean  tin, — but  exhibits  a  positive  reaction  after  the  latter  has  also  become 
didl.     m.  Davy.) 

In  dilute  eiilplmric  acid  or  sulphate  of  soda,  copjier  wire,  previoosly 
immersfsl  in  solution  of  blue  vitriol,  is  negati\e  towards  ordinary  copj)er 
wire.  So  likewise  is  cop|>er  wire  which  has  been  immereed  hi  nitrate  of 
copper,  towards  ordmary  copjx'r  in  nitric  acid.  In  hydrochloric  acid,  ]ila- 
tinum  wire  covered  with  chhiride  of  jilatinum  is  negative  towards  the 
same  wire  in  its  ordun^ry  state.  (Walcker.)  [lii  these  eases,  the  combi- 
nation of  the  enveloping  hquid  with  the  second  liquid  must  also  be  taken 
into  consideration.] 

Different  limes  of  immersion. — Wlien  two  equal  pieces  of  tlie  same 
metal  ar(<  immersed  in  one  of  the  following  cxniccntratod  solutions,  t/ie 
pietie frst  imuiersed,  is,  according  to  Yelin,  ^K>si live  or  negative, — and  pro- 
duces various  degrees  of  detlectiou,  as  indicated  by  the  signs  and  numbers 
in  the  following  table. 


vol..  I. 


2c 
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2a. 
Phosphoric  add  -i- 10 
Bulphnric  „  —15 
Hydrochloric  „  +  30 

Nitric  ,.  —54 

Tartaric  „   +   5 

Acetic  „ 

Ammonift      „ 

Potash 

Soda 

Sal-ammoniac. 
Common  salt. . 
Alum 


Sn.    tb.        Fo. 

-24+2     +21 

-  2    +   «    +   a     + 

SO    -  B    +24+17    - 

54    -10    -50    -90    - 

5     +1     +1     +   34  + 

4+      4+      4+2     + 

1*  -  1     -   1     -     i  + 


8b.      Bi.      Ctt.  BnM.     if. 
+  24-  14  -   14  _  24  +     4 
1-2    -20     —   i|  ♦   8 

6+3-16      +10     +10 
10-4     -    8      —10     +15 


-».' 


-t-  SI  +  H'i 

+    4+  \M 


-       -1+4-1 


In  another  experitneiit  of  Yelin's,  tbo  platinum  or  silver  first 
in  Bulplmric  acid  was  negative.      [Many  accidental   circumstAOCM 
have  influenced  tho  results  of  the  foregoing  table;  it  is  remiirktlib 
the  actionH  in  jxitafth  and  soda  often  exhibit  opposite  c^azBcteoi  M 
negative  reaction  of  the  piece  first  immersed  in  eiilphurjc  acid  ia,boi 
cfHiHtant.] 

If  two  pieces  of  zinc  are  successively  immersed  in  hvdrochloric  wai,^ 
piece  first  immersed — which  is  jxtsitive — retains  this  character,  evm 
both  piw-os  are  taken  out  and  then  f>ut  in  again  in  the  reverse  order.  (T<-i"- 

Of  two  pieccH  of  KJnc,  tin,  iron,  or  cop{«r,  the  one  first  inimcr*«i3 
dilute  acids,  alkalis,  or  saline  sohitions,  is  negative  towaniM  the  otiff' 
because  a  film  of  oxide  cftlk-cts  u|k>u  it  [tj  :  in  concentrated  (tolutioB  ^ 
potash,  also,  the  first-innnerHcd  piece  of  zinc  or  tin  is  uegTitivo.    (IT.  P*ni 

The  first  immersed  piece  of  zinc  is  j»ositive  tow3r»i  • 

mixture  of  1  part  of  oil  of  vitriol  and  lUO  parts  of  water  /  .1  i- 

in  a  niLxture  of  1  jiart  oil  of  vitriol,  1  part  nitric  acid,  and  do  parUwM 
(Oerstedt) ;  in  oil  of  vitriol,  on  the  coritraiy,  it  is  negative  (Wctekr)^Wi 
the  runetit  HMon  ceases.  {Buff.) — .Similar  relations  are  exljil>tted  brlfl^ 
— When  plates  of  zinc,  tin,  leail,  or  iron,  are  left  in  oil  of  vitri<»l  in  omt^ 
with  platinum,  till  the  current  has  reacltcd  its  miuitnuni, — they  exWft* 
negative  reacti«*n  towards  a  plate  of  platinum  subsequently  put'in  oaUKf- 
tion-with  them.     (Ruff.) 

If  a  Kino  (tin,  or  cop[ier)  plate  be  left  for  some  time  in  water  iiiiiUilitii 
with  su]]jhuric  acid,  anoilier  for  an  (■•jual  time  in  solution  of  comnuiaaK 
and  both  platxi's  subsequently  immersed  in  solutiou  of  aalt,  the  fint  "fl 
be  }K>sitive  towards  the  second.  (Marianini.)  [Sonoe  acid  msv  icoM 
attached  to  the  fust.] 

The  first  immersed  zinc  plate  is  |K>8itivc  towards  the  last  la  d^ 
Bulphuric  acid,  ncgatiro  m  solution  of  ammonia,  negative  also  in  ^kti 
nitric  acid, — the  more  stnmgly  in  proportion  to  the  leng-th  of  time  for 
which  it  is  immersed  before  the  other ;— and  the  plate  which  was  to* 
immersed  in  nitric  acid  [covered  with  oiide,  therefore]  is  fowid  lob 
negative  towards  the  one  which  was  imjncrsed  last,  when  lx>th  plalmW 
plunged  into  dilute  sulphuric  add  or  salt  water.     (Marianini.) 

If  a  piece  of  tin  or  iron  be  immersed  in  oil  of  vitriol  for  a  short  fit* 
only,  it  exhibits  a  positive  reaction  towards  a  piece  afterwards  introdaocdi 
but  if  the  first  piece  remains  ui  the  acid  till  [fri>m  the  fonnatioa  of  a  crwl 
of  sulphate]  the  evolution  of  gas  ceases,  it  is  found  to  be  Ucgatiw  lowiJl 
u  piece  stihsequently  immersed.     (Buff.) 

Two  wires  of  tin,  lead,  iron,  or  copper,  dipped  at  tlio  same  time  foto 
hydrfisulphiile  of  jMttash,  produce  no  current:  but  the  one  first  immenvd 
is  negJitive  ;  becaua  •  it  becomes  covered  with  nu>t»IIie  sulphide — in  onur* 
quenoe  of  which  it  oxhibits  a  negative  reaction  towards  clean  wire  in  oclwr 
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liquids. — In  tho  case  of  Bilvor  or  palladium,  on  the  contrary,  the  piece  first 
immersed  is  positive,  because  Bidphidc  of  Bilver  (or  eulpliide  of  palladium) 
is  morc  pOHitive  than  tho  pure  metal.     (II.  Davy.) 

Of  two  jtbtCH  of  load  or  iron  immorHcd  in  concentratod  nitric  acid,  the 
one  first  immersed  is  negative  towards  the  other.    (Marianini.) 

In  nitrate  of  silvor,  the  first  immersed  plate  of  ii-on  is  very  weakly 
negative,     (Fechner.) 

The  plate  of  brass  or  copper  first  immersed  in  nitric  acid,  tho  plate 
of  copjHT  first  Lmmersed  in  ammonia,  and  the  plate  of  platinum  firet 
immersed  in  aqua  regia,  is  positive  towards  the  one  last  iirnnerscd. 
(Becquerel.) 

In  tlic  yellow  solution  of  sulphide  of  potassium,  first  one  and  then  the 
other  piece  <tf  eopj«3r  or  silver  is  [lOBitive  ;  and  at  the  moment  of  change, 
a  film  of  euliihide  form.s  on  the  one  which  becomes  ftositive. — The  electric 
states  of  two  pieces  of  silver  immersed  in  hydrochloric  acid  likewise 
experience  sudden  changes.     ("Faraday.) 

When  two  plates  of  gold  are  successively  immersed  in  nitric  acid 
containing  a  litfle  hydrochloric  acid,  the  one  first  immersed  is  negative. 
So  likexvise  with  platinum,  excepting  that  the  current  iw  stronger.  (If 
then,  gold  be  immersed  first,  and  platinum  aftervvards,  iu  aqua  regia,  the 
gold  will  bfi  less  jiositive  than  when  it  is  immen*ed  last.)     Mnrianuu, 

Tlie  first  immersed  plate  of  platinum  is  fmsitive  towards  the  second  in 
Bulpliuric  acid,  hydrochloric  acid,  nitric  acid,  aqueous  sttlution  of  potash, 
Rolution  of  common  salt,  Hpiing  water,  or  acetate  of  lea<i :  on  the  contrary, 
it  is  |io8itive  in  sulphurous  acid,  sulphate  of  copper,  nitrate  of  silver,  and 
solution  of  fiver  of  sulphur.     {Feeliiier.) 

[The  causes  of  the  electric  current  produced  on  tlie  successive  immer- 
elon  of  two  pitTCSof  the  same  metal  may  he  the  following,  (I.)  The  piece 
of  metal  liixt  inunersed  is  freed  by  the  action  of  an  acid  from  a  fihu  of  oxide, 
and  thus  rendered  moix?  positive.  (2.)  Its  surface  is  roughened, — and 
thereby,  both  the  action  of  tho  acid,  and  [K>8Hiljly  also  the  direct  passage  of 
the  negative  electricity  to  the  electro-positive  element  of  tho  liqiuil,  facili- 
tated. (3.)  Negative  electricity  atX'unuilittiiH  in  the  piece  first  immersed, 
— and  thereby  an  electric  curreut  is  excited  in  the  diixwtion  which  makes 
it  apfieai"  positive.  (4.)  Tho  piece  first  immerse*!  may  become  coated 
with  foreign  substances  (iron  and  tin  in  nitric  acid  with  oxide,  zinc  or  lead 
in  oil  of  vitriol  with  a  metallic  salt,  copper  in  sulphide  of  [jotassium  with 
aidpliide  of  copper),  which  weaken  the  action,  and  tl»u8  render  the  metal 
negative.] 

Mtjtioii. — If  two  piecoB  of  tin  immersed  in  dilute  nitric  acid  give  no 
cun"cnt,  or  if  the  one  last  inunersed  is  i>ositivo,  tho  other  may  Ik-  made 
positive  by  agitating  the  liquid.  With  hydrochloric  acid  the  action  is 
weaker.     (Faraday.) 

Rubbing  one  of  the  f)iec08  of  metal  always  makes  it  positive,  even 
when  all  rise  of  temperature  is  avoided.     (Waleker.) 

[The  motion  may  free  the  metal  from  adhering  oxide,  or  from  liquid 
jHirtly  saturated.] 

\\nien  two  platinum  wires  are  immersed  in  a  mixture  of  1  part  hypo- 
nitric  acid  and  1  part  water,  and  the  cunvut  at  first  excited  entirely 
ceases  after  a  few  seconds,  cither  of  the  wires  may  be  rendered  neg^itivo 
by  taking  it  out  of  the  fiquid  for  a  second  and  dipping  it  in  again. 
(Faraday.)  [The  acid  takes  up  oxygen  when  exjKised  to  the  air ;  and  the 
current  is  probably  due  to  the  mixture  of  the  acid  thijH  altered  with  the 
rest  of  the  liquid.] 
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iJijffei-mce  of  tempaattirt. — If  an  iron  c^-Iiiider   hent*^  a 
and  alwj  a.  cvAd  inm  cyliiidor,  are  iuiniurBcd   in   wftter,  U- 
becomes  [>ositive.     (Ritdiie.) 

If  twi»  wires  of  the  same  metal  are  made   t*»  'K»»   inu^  j 
{App.  5),  in  one  arm  of  which  the  liquid   haa  prtv 
lK)th  are  kept  moving  at  the  same  rale  (for  otL*  . ,;  .c. 
quickly  moved  would  always  be  i>:>Bitive  ;  and  if  Iwith  wi' 
heated  Hide  of  tlnj  liquid  would  alone  Ite  agitated  hj  the  l- 
lowinf?  resultft  arc  obtained,  accordinjj  to  Faraday  : 

III  dilute  fiul|>huric  acid  {\  port  oil  of  vitriol  to  80  parta  'W«tQi> 
cadmium,  tin,  lead,  or  iron,  in   the  heated  arm,   is   stmngir  ami 
rupte<liy  p<38itive ;    but  after  Bome  time,    hot    zinc    and  'oopfKf 
slightly,  and  htit  cadniium  more  strongly,  negative. 

In  dilute  hydrwhloric  acid  (1  tneasnre  of  add  to  29  of  wftter^lBK 
cadrnJuiM,  tin,  li.^ad,  or  iron,  is  strnngly  positive. 

In  dilute  nitric  acid  (1  mea«ure  of  acid  to  50   of  water),  hot  bfkt 
more  Btniugly  positive  than  in  dilute  8ulpliuric  arid ;    hot  zidc,  ciff0.' 
silver  are  very  feebly  jiositive,  and  only  at  the  first  instant.     Hoii 
is  at   liret   slightly  negative,   afterwards   slightly   |»o8itive,    then 
neutral.     With  load,   no  cuirent  is  produced  at  first ;  subflcqaeailif.  o*] 
hot  piece  bec<iim'S  negative,  and  remains  so. 

In  ronc^>ntratcd  nitric  acid,  hot  iron  (which  at  the  same  timermmi*} 
evohition  of  gas;  Gm.)  is  ]ioBitive  ;  botli  ends  l>ecnmc  |»nK«?fvp. 

In    Kc»hiti<Mi    of    jx>tatsh, — hot  zinc,  cadmium,   tin.  ooffpA*] 

strongly  and  uninterruptedly  positive  :  a  quantity  of  pr-  :;$grUd^| 

fonned  on  the  iron,  diffuses   itself  through  the  h'qnid,  and  p«aM«l»#| 
state  n(  j)oroxide.     Hot  lead  likewise  apix.'ar8  positive,   but  with  m  mM^ 
start,  as  if  it  were  negative  at  the  first  moment  of  immersion. 

In  sulphide  of  jiotassium,  concentrated  or  diluted,    hot  iron^  O0|ifa«< 
silver,  is  ptjsitive.     A  film  of  sulphide   forms  chiell^v  on  the  hot  iDOldLi 
thus  diminishes  the  action.     Zinc  and  caibjiimn  give  no   curroot  at  T 
aftenvards,  the  hot  piece  becomes  strongly  negative.     Hot  h>ad«yt 
are  slightly  negative. 

With  some  exceptions — dtie,  perhaps,  to  pure  chemical  actien— <h 
hotter  tnetal  is  txisitive,  because  the  strongest  action  is  exerted  apn  it 

Metals  which  are  not  actnd  ni>on  by  a  li(]uid.  pnxluce — when  iuiimai^ 
b  a  pfirtion  of  that  liquid  unecjually  heated — either  no  ctirrentB  arnn 
feeble  ones, — probably  of  a  thermo-electric  nature  f»ir  the  modtpart.  J^ 
currents  are  prodvioi^'d  by  gold,  platinum,  or  silver,  in  dilute  Bnlnaofieaai 
or  by  platinum  in  dilute  hydrochloric  acid.  In  strong  liy-dtxtclilnrie  ^ii 
hot  platinum  is  very  feebly  negative.  In  dilute  nitric  acid,  platiai 
no  current,  [lalladiuin  and  gold  scarcely  any.  In  yellow 
tiitric  acid,  hot  platinum  is  negative,   producing  a  di'ne<*tion  n  tW 

orange-colourea  acid,  it  is  also  negative,  the  dellection    1  .    \i 

strong  solution  of  jxitash, — hot  silver,  gold,  and  platinuiu  vuv  filkbl^ 
p«jsitive  In  solution  of  snl{)hid<*  of  potassium,  hot  iihitinnm  tti  DCfpMilH 
palladium  gives  no  current.    (Faraday.)  ' 

3.    Two  MetaU  touching  one  another  tcith 

o»e  another. 

In  these  i-xperiments,  the  apparatus  (App.  2,  8,  4,  .■>,  (V,  7),  dr^gibatl 
(p.  ,^211)  ur»'   uwil.     One  of   the  metals  with   one  of  the  liqnicfe  may  i 
c'tH^Iosed  in  a  btaddrr    or  a  vt-ss*!  of  urigluzed  carthcnwans,    and 
.  imuieraed  in  the  other  liquid  contuiniug  the  other  metaL 
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a.   The  two  Liquids  are  of  the  same  Nature,  but  ofdiffei'ent  degrees  of 
Concentration. 

Faraday'8  Experiments :  Sulphuric  acid.  Cadmiuiiu  in  oil  of  vitriol 
"or  dUntf  siiljiliuric  aci(J,  is  pisitive  towards  tin  and  irnn  in  tlio  same  arid, 
dilutr  or  cmux-ntruttid.  Tin  also  ia  in  both  cases  positive  tnwardB  iron ; 
ii'OD  towards  t:i)|ipiir  ami  silver,  and  coppc^r  towards  silver,  but  in  different 
'degrecH.  Trmi  also,  when  ininicrHcd  iii  weak  acid,  is  much  more  8tn»ng'ly 
positive  towards  silver  immerKod  in  oD  of  vitriol,  than  ii'on  in  ytr<>u{i;;, 
towarda  wilver  in  weak  acid.  On  the  other  hand,  zinc,  tin,  and  lead  arc 
tnost  Htmngly  jxtsitive  towards  silver,  when  they  arc  immcraed  in  oil  of 
vitriol. 

A'iii-ic  acid.  Zinc  in  strong  acid  is  slijfhtly  positive  towards  copjH^r 
or  silver  in  weak  acid  ;  zinc  in  weak  acid  i.s  highly  p>fiitivc  towards  cad- 
mium, tin,  iron,  copper,  or  silver  in  strony  acid.  Su  likewise  cudininjii 
in  weak  aeid  is  strongly  iH>8it.ivc  towards  tin,  lead,  iron,  cop})cr,  and 
Bilver,  and  moderately  towards  zinc.  Tin  iii  dilute  acid  Ih  jMisitivc 
towards  Kinc,  lead,  iron,  cop[ier,  and  silver, — and  neutral,  or  feehly  {nmitive, 
towards  ciidniimn.  Ijoad  in  dilute  acid  in  jKisitivu  tuwitrds  zinc,  cadmium, 
tin,  irtni,  co[i[ier  and  silver. — Iron  in  weak  acid  \»  positive  tciwardw  zinc, 
cadmium,  tin,  lead,  c<»|>iHjr,  and  silver.  -  CupiK'r  in  weak  acid  is  positive 
towards  tin,  lead,  iron,  and  silver,  and  slightly  ho  towards  cadmium, — 
Silver  in  dilute  acid  is  pfisitive  toAvards  lead,  iron,  and  copjx'r,  and  feehly 
positive  towards  zinc  and  cadmium.  [The  ctmcentrated  acid  renders  the 
ottierwise  [Mjsitivc  metals  uegativOj  hy  covering  (liem  with  a  (ilm  of  oxide 
or  nitrate,.]  • 

iSotutitm  of  potash. — Zinc  ia  positive  towards  cadmium,  tin,  and  lead, 
whether  it  he  immersed  in  tlie  strong  or  hi  the  weak  snlutiHin-  ko  likewise 
till  is  ixisitivo  towards  cadmium,  and  cadmium  towards  h'^i], — hut  most 
strongly  when  liie  cadmium  is  phiced  in  tlie  stmnger  solulion. 

Tim  strong  electric  cun-ents  here  spoken  of  do  not  arise  frf)m  the  con- 
tact of  the  two  liquids :  for  when  a  ci  tuple  of  platinum  wires  are  immersed, 
the  current  is  scarcely  j>erce])tihle.  (Fai'aday.) 

b.  The  two  Liquids  are  of  different  Natures. 

The  liquid  which  touches  the  negative  metal  ia  an  alkali. — When  ziuc 
k  placed  in  dilute  acid,  and  platinum  in  strong  solution  of  jxitash,  the 
zinc  becomes  positive — but  luuch  less  stR>ngly  than  when  the  'zirie  is  placed 
in  the  potash  and  the  platinum  in  the  acid. — Tin  introduced  into  tliia 
circuit  in  pUice  of  plalinum  Ix-comes  positive  even  towards  the  zinc. 
(II.  Davy,  Faraday.)  Similarly,  lead  becomes  ixisitivc  towards  tin  when 
the  fontier  is  immersed  in  pntasli,  the  latter  in  dilute  sulphuric  acid;  the 
rnetal  in  the  acid  remams  bright,  that  in  the  potash  is  attacked.  (Fara- 
day.) 

Zinc  iu  Hohitiou  of  nitre,  and  platinmn  in  solution  of  ptitash,  produce 
a  strong  current,  capable  of  decomposing  iodide  of  potassiimi,  chloride  of 
tin,  aud  sulphate  of  soda.  (Faraday.)  [The  oxide  of  zinc  as  it  forms, 
takes  up  the  potash  of  the  nitre;  and  the  niti-ic  acid  is  earned  by  trans- 
po^  tion  to  the  free  iMitash.] 

The  iiifitid  in  contact  with  the  negative  metal  is  sea-water. — If  the  cup  b 
(App.  2)  contains  sea-water  and  copinir,  while  a  contains  sea-water 
and  iron,  the  cuj)s  being  connected  by  a  bundle  of  threatls,  and  potash 
being  gradually  added  to  tlie  sea-water  in  «,  the  following  effects  are 
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I  observed :  When  a  small  quantity  of  potash  is  prceentt  *  KtUo  of  Utt  n 
dissolves,  and  the  oop^jer  is  c<>inpletcly  protected ;  when  the  rr--'-'- 
potash  Ijeccnnes  preutt^r,  neither  iron  nor  copper  is  diHHi>Ivod  -, 
fltill  gjcater  quantity  of  potash,  the  copper  becomes  {x>Biti\'e  ainiiiu-"'"^ 
the  iron  does  not.  (U.  Davy.) 

The  lifjuid  in  cwtUicl  with  the  negative  metal  ia  ililute  add, — When  w 
IB  placed   ui   aqueous   aulntion  of   potaish,    and   copjMjr  in  dilute  vA » 
very  strong   current   is    produced.  (11.  Da^y,    Bei-zelius,    WoldDe*-)   i 
feebler  ciuTeot  is  excited  when  a  ueutml  com|KJund  of  tlio   add  iwdtibi 
is  iuter[K»Bed  between  the  zinc  and  oopjxT,  and  tlie  feeblest  of  aD  wki 
the  an-angeraeut  is — zinc,  acid,  alkali,  copfier.     This  aiTuugvinent  <i(  ■*■ 
stances  always  arises  in  the  course  of  the  action  of  a  gi»lv»nio  circuit;  al 
cunsequently  the  current  is  constantly  dimiiiiBliing'.  (lierzoliufi.) — Wlo 
zinc  is  initnorHed  in  water, — and  lead,  iron,  copper,  or  brass^  iu  dilute  i^ 
phuric  ncirl, — the  zinc  is  positive. — So  likewise,  lead  immersed  iti  vmltfi 
positive   towards  iron,  copper,  or  brass,  in  dilute  sulphuric  acid.     J««W 
thelcKB,  tlie  inctaltj  uaraersL-d  in  the  acid  are  always  the  most  ttnm^ 
attacked. — If  zinc  is  iinnitTBed  iii  dilute  hulphniic  acid  (1  oil  of  \\\i\ri  U 
ti  water),  and  platinum  in  water, — c»r  the  contrary, — the    zinc  is  »lwij« 
fxjsitivi',  and  pn:»ducca  the  same  deflection, — althoufi^h   it   Is   moch  (W 
Btrongl^-  attacked  in  the  acid  tlian  in  the  water.     Similarly  zinc  i»  p*- 
tivf  towards  silver,  and  gives  the  same  deflection,  whetijer  the  nnc » 
immersed  in  water  and  the  silver  in  dilute  nitric  acid,  or  the  contrm. 
The  same  takes  place  with  ?dnc  and  iron,  or  graphite.  (Marianini.)    flW 
feeble  current  which  ziuc  produces  in  water  easily  brings  about  a  tram- 
position  of  atoms  in  the  acid  Uqiiid;  the  strong  current  whicli  zinc  mi^ 
excite  when  immersed  in  dilute  acid,  ia  for  the  most  jiart  arrested  iu  waUit 
— and  the  violent  action  between  the  zinc  and  acid  becomes  iu  grot  \f^ 
purely  eheniical.] 

Zinc  in  a  solution  of  potash  or  chloride  of  calcium  (Berzeliux),  or  in 
pure  water  (De  la  Rive),  is  positive  towards  copper  in  nitric  acdd,  althoi^l 
the  latter  is  the  must  strongly  attacked.  As  long  as  the  zinc  immtniid 
in  jKttash  or  chloride  of  calcium  is  not  connected  with  the  copper,  a  boA 
L'fri.Tvesc«"nce  takes  place  on  t!ic  surfjice  of  the  latter,  the  zinc  reinainiii^ 
clean.  But  wlicn  the  cia-uit  is  ctimpleted,  the  zuic  immediately  bucunws 
tarnished  ;  the  evolution  of  gas  at  the  surface  of  the  copper  oe«fl«B;  titd 
the  copper  previously  dissolved  is  precipitated  on  it.  Such,  at  loft«t,iBtk( 
case  when  several  pairs  of  these  metals  are  tmit^^'d  tog<fther.  (Beradhi^ 
De  la  Rive.)  [The  greater  affinity  of  zinc  for  oxygen  g^ves  riso — »«  tii 
euic  is  connected  with  the  copper — to  a  transposition  of  atoms  in  tlw*  two 
Uquids:  the  oxygen  and  acid  go  to  the  zinc;  the  alkali  and  hydrogWr 
together  with  copper  previously  dissolviHl,  to  the  copper.] 

When  hard  and  soft  copper  are  immersed  in  watt  r  >  nier  b  porf- 

tive  (p.  385);    but  if  a  httic   PuJi»hime,    nitric,  or   li;.  ric  add  >• 

introduced  into  the  water  coittaining  the  hard  co|i|jer,  thu  defloOliM 
immediately  increases :  on  the  other  hand,  the  addition  of  a  Utife  iQrpiH 
nitric  acid  causes  it  to  diminish  ;  and  when  a  larger  quatiti^  m  added,  iW 
curn^nt  is  reversed.  (Ritchie.) 

The  liffuiii   in    contat:t    with    the    negaiivt   ntetal  ii  oS  of  vitriui. 
rinc  is  immtTned  in  concentrated  nitric  acid,  anH  coMK-r  in  ..il  <.f  ▼§! 
(/<p/i.  4),  the  copp«.^r  is  strongly  positive  ;  i.e.,   (  i  Rhnt) 

positive  eleetriuity  guos  fmm  tue  zinc  thnmgh  i.^  ^..I  ..^:.  .;.i.  i,  j  u>  t^ 
ooppeTt — which  ctrcumstaoce  is  attributed  by  Dc«  la  Kivo  to  tfa«  diSoallJ 
wlucfa  thu  jHwitivo  ekactricity  finds  in  passing  from  the  oil  of  vhrioi  to  thi 
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mettiL     Aooording  to  Morianini,  ou  the  oontrary,  the  ztno  ie  Btrongly 
poaitivQ. 

77ie  iiquwi  in  contact  with  the  negative  metal  is  strong  nitric  acid. — Zinc 
bciug  ininieraed  in  oil  of  vitriol,  and  co[iper  in  wtniny  nitric  acid,  {App.  i) 
the  zinc  is  positive,  though  the  copjx^r  is  most  strongly  attackech  Th« 
current  is  however  not  so  etrong  as  wheii  the  'iijic  ia  placed  in  nitric  acid 
and  the  copper  in  oil  of  vitriol :  (see  above).     De  la  Rive. 

If  an  outer  vessel  coutains  strong  nitric  acid — or  a  mixture  of  equal 
parts  of  strong  nitric  atutl  and  oil  of  vitriol,  which  works  equally  welh — 
and  if  in  tliis  liquid  there  is  immersed  a  plate  of  platinum,  and  a  vessel 
of  jwrons  earthenware  containing  an  amalgamated  zinc  plate  and  tilled 
with  one  of  the  foUnvring  hquids — which  are  enumerated  in  the  inverse 
order  of  the  strength  of  their  action  (dilute  hydrofluoric  acid,  hydrochloric 
acid,  Hulphiuic  acid,  phosphoric  acid,  sohitioii  of  potash — which  hihwever 
stops  up  the  jMtresof  the  earthen  vessel  with  cryfitaliized  nitrate  of  potash 
— ^sodsi,  common  salt,  nitre,  chlorate  of  potash,  iodide  of  potasHinm,  spring 
w.a1fr,  rain  water,  distilled  water), — a  very  {Kiwerful  electric  current  ia 
produced.  The  dihit^'  hydrochloric  acid  consists  of  1  jiart  of  c<mcen- 
trated  m.-id  and  from  2  to  :ii  parts  of  water;  the  diltito  sulphuric  acid,  of 
1  part  oE  of  vitriol  and  from  4  to  Ti  parts  water.  When  the  circuit  is 
closed,  the  nitric  acid  turns,  first  yellow,  then  green,  then  hhie,  afterwards 
lH:'c<»n)i.'8  colourless  and  evolves  nitric  oxide — and  finally,  hytlrogen  gas  at 
the  surface  of  the  platinnm  plato.  The  dissolved  znic  reraauis  almost 
wholly  outside  the  vessel  containing  the  nitric  acid.  When  the  circuit 
is  kept  closed  for  a  long  time,  the  hquids  hecorae  veiy  hot.  Tlje  nitric 
acid  must  he  highly  concentrnted,  and  renewed  as  soon  as  hydrogen  gas 
makes  its  apitcamnce  at  the  phitiiunn  surface. — When  zinc  is  in  contact 
only  with  dihife  suljiluiric  at-id  and  platinimi,  it  hafl  to  overcome  the 
great  aflhiity  of  oxygen  for  hydrogen  j  but  when  nitric  acid  is  present, 
the  hydrogen  sepanited  from  the  water  is  carried  over  by  transposition 
to  the  nitne  acid — combinea  with  |>art  of  the  oxygen  of  that  substance — 
and  litK-rates  nitric  oxide.  Hence,  in  this  case,  the  combination  of  the 
ssinc  with. the  oxygen  of  the  water  is  opjKjsed  only  hy  the  much  smaller 
affinity  of  nitric  oxide  for  oxygen, — and  consequently  the  sohitioti  of  tho 
zinc  goes  on  much  more  quickly,  aud  the  electric  current  is  pro]x>rtionately 
stronger.  (Grove.)  [If  the  nitric  acid  were  in  imnietliate  contact  with 
the  zinc,  the  greater  part  of  the  negative  electricity  worild  \>v  lost,  in 
consequence  of  the  jiurely  chemical  action  thereby  produced;  with  amal- 
gamated zmc  in  dilute  sul[)lmric  acid,  on  the  contrary,  no  pun-ly  chemical 
action  takrs  plncc,  tlie  action  being  entirely  electrn-chemical.  (p.  34it)]. 

If  the  outer  vessel  contains  an  amalgamated  zinc  plate  iiumersed  in 
dilute  Bulplmric  acid,  and  a  tube  of  g^-jwum  dipping  into  it  is  filled  with 
nitric  acid  of  1-5  sp.  rt.  with  a  piece  of  iron  innnersed  in  it,  a  current  is 
produced  8troi»g  enough  to  decomjxise  water.  But  as  soon  as,  in  the  course 
of  the  exfH'rimont,  the  nitric  acid  has  attained  a  certain  degree  of  dilution, 
the  passive  iron  dissolves  with  violent  elTcrvescence.  The  wire  outside 
the  acid  suffers  still  more  from  the  nitrous  vapoin-s  j  hence  it  must  be 
coati^d  with  wax.  If  iron  instead  of  zinc  ie  immersed  bi  the  dilute  sul- 
phuric acid,  the  action  is  the  same,  but  continues  for  a  shorter  time ;  and 
the  [wissive  iron  in  the  nitric  acid  dissolves  more  quickly.  The  addition 
of  nitrate  of  mercury  to  the  nitric  acid  retards  the  solution  of  the  iron  in 
the  nitric  acid  for  a  somewhat  longer  time ;  but  this  salt  crj'stallizes  in 
the  gypsum  tul)e  and  cracks  it.  (Hawkins,  Phil.  Mag.  J'.  1(5,  115. — 
Griiel's  Api^iaratUM,  Pogg.  61,  381). 
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Wfaen  zinc  ia  placed  in  a  mixture  of   1  part  oil  of  TJtaol  ttdli 

water,  and  plutinum  in  niodoriitcly  Htronpc  nitric  add, — tl»e  dimitl 
an  electro-magnetization  of  iron,  a  hundred  times  as  etroug'astlMtl 
by  a  zinc  and  copper  pair  of  the  game  size,  simply  immciBed  itta 
phuric  acid.    The  action  gradually  increases  as  the  sulphuric  acal  I 
saturated  with  zinc,  and  m  remarkably  increased  by  tue  n«o  of  a  ( 
of  sulphate  of  zinc  in  place  of  dilute  8ulphiu-ic  acid.      fAs  threw *^l 
oxyg'cn  ami  sicid  from  the  adjaoetit  atoms  of   sulphate  of  zinc.  iWi 
atom  set  free  by  transposition  at  the  end  of    the   neries,  Ukevwt 
oxygen  and  acid  from  the  nitric  acid;  an  indirect  action  of  niini 
upon  zinc  is  thercFoiX'  broug^bt  about  by  the  sulphate  of  zincl    Tbrtf*| 
of  the  circuit  remains  [lerfectly  uniform  for  three  Iiuutb;  uo  ga*  is( 
on  the  zinc,  and  scarcely  any  on  the  platinum, — because  the  aitiva^l 
remains    dissolved   in   the  nitric   acid   and   c«ilours   it   gree^n.     A 
circuit  of  this  kind  decomposes  water  feebly;  a  combiuatiiMi  of  l«vi 
circuits,  rajiidly.  (Ffaff.) 

Solution  of  common  salt  ui  place  of  sulphuric    acid  is  parcoMi 
effective  in  this  ajiparatus.     If  weaker  nitric  acid,  of  sp,  gr.  I-IU,  bei 
in  connection  with  dilute  sulphuric  acid,  a  large  quantity  of  iiaa  M.tiB»| 
from  the  nitric  acid — awl  then  the  current  is  much  weaker.  (PocMiMll 

If  a  compact  carbonaceous  mass  be  formed  by  etrongly  ieaaaftl 
mixture  of  ixmndcd  coai  and  coke — a  cell  formed  cuit  of  it,  and  fiW**| 
quartz  sand  and  stif>nfif  nitric  acid — and  the  whole  plaot>d  to  «  »^| 
containing-  dilute  suipliniic  acid,  and  a  plate  of  zii»c  4  inches  U«wf  wl 
3  inclies  wide, — bright  sparks  are  emitted  on  closing'  the  ciicwtibl 
platinum  wire  In'onmes  red  hot;  iron  wire,  No. 8,  bui-us  ;  and  liTdnidlba| 
acid,  iodide  of  potaHsium,  lead,  and  silver  saltfi,  are  decompaecilbf  III 
current.  (Bunseii,  Ann.  Fhann.  38,  311.)  [The  nitric  acid  whicb  m 
through  the  pores  of  the  Cuke  perliaps  also  forms  a  fihii  ou  the  cnk 
of  it.] 

A  circuit  of  copper,  dilute  sulfihiuic  acid,  nitric  acid,  and  piatiM 
produces  a  current  nearly  half  as  strong  as  that  whicJi  ia  exritrda) 
zino  is  used  instead  of  aipjior.  (roggendorff,  Pogg.  54,  SoiS). 

If  the  bowl  of  a  crimmon  tobaa;o-pipc  be  lilleu  "witli  nitric  •dd.i 
placed  JTi  a  vessel  contaiidng  hydrochloric  acid,  a  couttlo  of  irold  \enm 
simply  iimnersed  in  the  latter  will  not  be  diss4>lved:  but  <ui  cxm 
one  of  them  with  a  platinum  wire,  the  other  end  of  which  dii«  iatol 
nitric  acid,  the  gold  leaf  thus  attached  wiU  dissolve,  whUe  tiie  otKeri 
n<«t.  ((imve.)  [The  gold  leaf  attached  to  the  platinum  taJtea  diutm 
from  the  hydrochloric  acid,  the  hydrogen  of  that  conj|.>omjd  ttimintf  "** 
by  galvanic  transiK^sition  to  the  oxygen  of  the  nitric  acid.] 

The  ntgativf  metal  is  in  contact  with  arsemous  add  ctr  arsauait  of  pvt^^ 
Tulie  a  (App.  7)  Cimtaining  solution  of  arseuious  acid  tritii  a  MfK 
wire  immersed  in  it,  and  the  vessel  b  containing  solution  of  aal-s^^ 
niac  with  zincv— a  bhick  iilni  of  arsenic  makes  its  auwarance  in  tht  oa* 
of  five  hours  on  the  surface  of  the  copper,  and  aftcrwaxds  Ui^Ml 
a  stocNgrey  coUmr  and  metallic  lustre— tJie  cbangit  oonuaeacinf  toa> 
(iingli<  |<nint,  and  gradually'  extending  over  the  wholn  surface.  Whs 
hydnH'ldorii'  acid  is  uiixinl  with  the  arseuious  acid,  the  copper  beogg^ 
covered  at   the  surface  of  contact  of  the  Uc|uid  and  the  nir,  «ritli  «li^ 


inetiilhe   urst'tiir.      If    the  solution   of   arscnious   acid   octiilMnft  a 
Uiiitity  «>f  nitric  a^'id,  n  de|><>sit  of  white  metallic  ar-. 

i\\\\  on  the   |»art  of  (h«>  itijijuT  which  pri>jeet«  on  ,  ; 

vuie  N'ing  |M>rhiip  1  out  of  the  Uiiuid  in  Uic  turut  uf  am^"' 
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»tted   hydrogen   and   then   precipitated  on   Uie   wii'e.    (Simon,   N.  Fr. 

lA  1,  iC) 

WIk'ii  thi!  tube  a  {App.  7)  oontainB  Bolutinn  of  arscoiate  of  jiotash 
nth  a  plathnnn  wire  immersed  in  it,  and  the  vessel  h  contains  Holution  of 
fBeuic  with  a  piea-  of  zinc, — only  0"31  of  the  arwniic  present  ia  deposited 
the  pliitinuni,  and  on  tlie  bladder;  the  reist  vnlutilizes  in  the  form  of 
'^rseniinetted  hydn>|j;-en.     (Bucliner,  liqjert.  21,  14.) 

The  lu/iiid  in  anKoct  with  the,  myntive  metal  is  the  solution  of  a  heavy 
metallic  gait, — The  circuit  cimipufted  i>f  zint%  dilute  sulphuric  acid,  sulphate 
nf  c<t[)pcr,  and  metallic  copjRT  (or  platiniun),  produces,  as  showa  by 
Daniell,  a  very  powerful  current,  which, — when  the  weakening  of  the 
Boluticjn  of  Kuljiliute  of  C(ipi>er  occafiioned  by  the  deixy^ition  of  metallic 
cop]>cr  on  the  platinum  nr  copper  plate  is  made  up  Iry  the  addilion  of  fresh 
sulphate  of  copjier— is  likewiHc  of  constant  streuplh.  [The  ziiie  takes  up 
oxygen  frfinj  the  water, — the  hydrugen  of  which,  being  earried  by  trans- 
positinti  to  the  oxide  of  copper,  takes  up  the  oxygon  of  that  comjxaind, — 
■whili5t  copper  i*(  deposited  on  the  negative  metal.  Consequently,  the  zinc 
lias  no  longer  to  overcnme  the  stronger  afHnity  of  hydntgen  for  oxygen, 
but  only  the  nnieh  weaker  affiuity  of  copper  for  oxygen :  the  solution  of 
the  zinc  ia  thus  aeeelerated,  and  the  current  thereby  tJicreased.  If  the 
zinc  were  placed  in  tlic  Holution  of  sulphate  of  copper  as  well  as  the 
platinum,  it  would  l>ecoine  covered  with  cojijier,  in  consequence  of  pure 
chemical  action  taking  place  at  the  same  time, — and  this  dejMisitiou  of 
copju-r  would  give  rise  to  local  <'lectro-chcmical  action,  by  which  the  cm-reut 
would  i»e  gieatly  weakened.] 

This  circuit,  however,  does  not  yield  nearly  so  much  electricity  as  that 
in  which  strong  nitric  acid  is  used  (p.  3Iil)  [because  the  aftinity  of  copper 
for  oxygen  is  greater  than  that  of  nitric  oxide  for  that  elementj.  Willi 
tlie  same  extent  of  rui-tallic  surface,  the  circuit  comjKJsed  of  nine,  dilute 
Bu]|thuric  acid,  concentrated  nitric  acid,  and  platinum, — yields  in  a  given 
time  seventeen  times  as  much  electricity  as  zinc,  dilute  suljihuric  acid, 
Kulphale  of  coptMjr,  copj*r.  (Jacobi.) — A  solution  of  chloride  of  platinum 
ill  water  likewise  gives  a  cuiTcnt,  the  quantity  of  which  is  only  two-tiiirda 
of  that  of  the  nitric  acid  circuit.     (Poggeudorff.) 

When  the  circuit  of  zinc,  sulpfiuric  acid,  suljihate  of  copper  and  cop- 
jwr,  is  closed,  the  quantity  of  zinc  dissolved  in  a  given  time  is  ten  times 
as  great  as  when  it  is  broken.  (Matteucci.) — If  an  amalgamated  zinc  plate 
in  a  circuit  of  this  kind  Iohc  6  grains  in  half  a  second  when  the  surface  of 
tln'  cop}Kir  plate  is  of  the  sanie  size  as  that  of  the  zinc, — then,  when  the 
copper  surfitce  is  twice  as  great,  the  loss  of  weight  will  be  7  grs. — with 
4  times  the  surface  of  copper,  9  grs. — with  8  times  the  surface,  13"3  grs. — 
with  16  times  the  sniface,  1 1  'ft  grs. — and  with  20  times  the  surface,  10  grs. 
Hence,  the  action  is  most  energetic  when  the  surface  of  the  copper 
amounts  to  8  times  that  of  the  zhic,  (Buiks.) 

Zinc,  solution  of  sal-ammoniac^  solution  of  sulphate  of  cop|>or,  and 
fjfiptH-r,  likewise  gives  a  very  strong  anil  constant  current,  (Mullins.) — 
Jmiilni*  VluimbtT  JJaltert/ :  A  wide,  shallow,  cylindrical  coi>|ier  vessel  cfUi- 
tains  solution  of  sulphate  of  copjscr,  which  is  continually  kejit  nearly 
saturated  by  means  of  crystals  of  the  salt  cxjutained  in  a  sieve  at  tlie  side. 
In  this  vessel  is  inimersed  a  somewhat  narrower  wiH>dcn  hoop  tied  with 
bladder  underneath,  filled  with  dilute  solution  of  sal-ammouiac-,  and  con- 
tauiitig  a  round  piece  of  zinc. 

If  s<iluii»tii  of  iiitnile  of  silver  be  carefully  poured  on  the  top  of  a 
8t)lutioj»  of  nitrate  of  copper,   and  a  copper  rod  dipped  only  into  the 
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tcametf  a  silver  tree  b  at  first  produced ; — but,  as  soon  am  ^ik  tm  b 
grown  downwards  as  far  ae  the  copper  soIatioD,  metallic  cupper  kAt^ 
sited  upon  it.  (Grottbuss.) 

If  a  tube  tied  over  with  bladder  {App.  7)  contoina  acetate  of  leadiil 
platinom  dipping  into  it,  and  the  outer  vee«el  b  hydrochloric  add  (nr  t^ 
phate  of  sokIa,— //.  Jiose)  with  zinc,  a  lead  tree  is  formed  on  the  piadMa 
If  a  contains  nitrate  of  silver  instead  of  acetate  of  lead,  the  pUdnB 
becomes  covered  with  silver.  (Singer.)— ^Vhcn  solution  of  oomoxB  ni  I 
is  used  in  place  of  hydrochloric  acid,  the  depoBJtion  of  sflvor  on  thedil^ 
num  likewise  takes  place — accordhig  to  H.  Rose  ;  but,  af.  "  iyni 
the  precipitation  of  silver  does  not  take  pJace  till  a  little  i  .  riciol 

has  been  added  to  the  common  salt,  when  it  conunences  tJUtUeolT  id  \ 
rapidly  increases.  After  the  precipitation  of  the  silver,  carbonate  «  • 
collects  iu  a,  LD  the  course  of  three  weeks, — and  the  «iirfaoe  of  the  faltdfc 
which  dips  iuto  A  becomes  covered  with  a  thick  crust  of  chloride  of  ttm 
If  the  zinc  and  platinum  are  not  connected,  no  reduction  of  sflvef  or  pi^ 
cipitation  of  chloride  of  silver  takes  place  even  ui  a  fortujg-ht.  (Pfaff.)  li 
a  contains  nitrate  of  silver  with  g^phite,  b  solution  of  comninn  nil 
with  silver  fret*  from  copper,  silver  is  deposited  on  tho  ^^raplulf  a 
brilliant  laniiute ;  but  the  action  soon  ceases.  (Pfaff.) — [.SiJver  has  gtvatot 
affinity  for  chlorine  than  for  oxygen ;  the  silver  wire  then-ftire  t»lw 
chlorine  from  the  cWnridt.'  of  sodium,  separates  silver  by  trauK|K>Hitioa  fcoa 
the  nitrate  of  silver,  and  de|K)sits  it  on  the  gtapliite.  Tho  action  oeMM 
aa  soon  as  the  silver  iK-ciimes  covertnl  with  chloride.] 

If  the  arm  a  of  the  U-tiilH>  (App.  4)  contains  dilute  Bulphtiric  acidwiA 
zinc,  and  the  arm  b  nitrate  of  zinc  witli  cop{)er.  zinc  is  dcpoetted  oa  lb 
copper.  (Ohm.)     [1  obtained  no  reduction  of  zinc] 

When  zinc  is  placed  in  a  saturated  solution  of  sulphate  of  einc  iM 
copper  in  a  saturated  solution  of  nitrate  of  copper,  a  somewhat  atioagtt 
current  is  produced  than  when  both  metals  are  immersed  in  dilute  awi 
The  deriection  of  the  needle  is  not  increased  by  the  addition  of  nitric  add 
to  thu  nitrate  of  copfter.  If  both  vessels  contain  solution  of  snloliate  ci 
zinc  or  dilute  sniphiiric  acid,  the  deflection  is  greatlv  lncreas<'a  by  the 
addition  uf  a  little  nitric  acid  or  nitrate  of  coppt^r  to  the  lii}iiid  into  wliirh 
the  c<ipfier  dips ;  whereas  nitric  acid  added  to  the  liquid  containing  the 
zinc  diniinisheH  the  deflection.     (liecjjuerel.) 

1*'  the  tubes  a  b  {Ajtp.  8)  are  stopjx;d  at  tho  bottom  with  claj,-^ 
conUiiiiing-  hydrosulphate  of  potash  (which  has  been  exjiosed  to  thi  iiiri 
witii  antimony  immersed  in  it,  and  h  nitrate  of  copper  with  copjicr,  ana 
both  fn-ing  immersed  in  a  conducting  watery  liquid, — then  when  the  two 
metals  are  co!inectcd,  the  copftcr  Itecomea  coated  with  precipitated  <x>ppcr( 
whilst  on  the  anthiioiiy,  and  on  the  sides  of  the  tulK's,  there  is  depomed 
^first  a  brown-red  powder,  then  rod  octohedrons  and  laniintv  (wllidk 
Becqnerel  considers  to  be  immjrnl  kermes). — If  tin  Ix?  substituted  Ht 
antunony — hquiII,  white,  metallic-shining  cubes  of  sulphidi?  of  tin  aie 
dejMisited  u[>on  it. — With  iron,  when  the  access  of  air  to  the  lube  ■  1* 
crmipletely  shut  off,  ycUow  cubes  of  iron  pyrites  are  sometimes  obtained. 
(BwiiuereL) 

The  vessel  b  {App.  7)  always  containing  sohition  of  sal-atumoniao  wiA 

ainc, — and  the  tube  a,  which  is  tied  over  at  the  bottom,  containing'  a  copper 

wire  with  a  heavy  metallic  solution, — the  following  rehultA  are  «ibtiunc<I, 

differing  actiording  t^)  the  nature  u{  the  lifjuid. — Dilute  nitrate  of  bismuth: 

two  hours)  a  black  film  on  the  copper,  increasing  and  becomin^jf  flo> 

i-Sulphate,  nitrate,  or  acetate  oi  zinc:  a  little  hydrogen  is  evolv«d 
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3n  the  copper,  but  no  zinc  is  deposited — Protndilorido  of  tin  dissolved 
iilcohul :  after  some  houra — tin,  in  grarinlai'  and  needle-shaped  particleB, 
m  depo8it<-'d  on  the  copjH'r. — Dihite  sohiti'»n  of  acetate  of  lead:  a  lead  tree 
oo  the  ij<>i)t^H.'r,  after  a  sliort  time. — Sulution  of  t»nc  ])art  of  ||^een  vitriol  in 
8  partH  of  water :  hydrofj^en  gas  is  evolved  on  the  c<iiij^»er,  which  in  a  few 
LoiUTB  becomeR  covered  with  a  green  deposit.  Thin  deposit  increases  con- 
Bldenibiy  in  a  few  days,  and  is  found  to  consist  of  three  luyfrs,  the  fnit*?r- 
moBt  being'  hydrated  protoxide  of  ir-on — the  sooond,  protoxide  (black 
oxide?),  and  tlie  innermost  metalHo  iron, — Acetate  of  copiMM* :  the  dia- 
.  solved  cf)pix*r  is  dejwsitcd  in  the  crystalUne  form  on  the  copjxjr -wire. — 
Siiiution  of  one  (>art  of  protochloride  of  mercury  in  24  parts  of  water: 
the  c<jpper  Ruddenly  becomes  covered,  flrBt  with  a  white  fihn  of  calomel, 
tbeii  with  a  prey  Him  of  mercury  ;  on  the  following-  day,  black  vegetations 
of  suboxide  of  mercury  make  their  appearance. — Solution  of  one  part  of 
nitrate  of  uilver  in  8  parts  of  water:  a  fihining^  silver  tree  immediately 
apjiears  on  the  copper;  on  the  bladder  is  depfjsited  a  considerable  quantity 
of  oxide  of  Bilver,  Loj^ether  with  b!ai.'.k  injroxide.  Solution  of  one  part  of 
chli)ride  of  guld  in  30  parts  of  water  :  a  bhick  defXtsit  inunediately  a))|ieara 
on  the  coftfKT,  sonn  becoming  brownish  and  floccident,  and  rapidly 
increasing. — Chloride  of  platinum :  the  copper  becomet)  covered  in  the 
c<»urBe  of  two  htiiirs  with  brilliant  white  platinunj,  from  which  huninie  eub- 
Beipiently  separate.  (Simon.) 

Tnl>e  a  (App.  7),  cfmtairiing  dilute  sulphuric  acid  witli  zinc,  and  veBsel 
b  a  metallic  salt,  together  with  a  jiiecc  of  fusible  metal, — acetate  of  lead 
yields  grey  crj'stala  i>f  lead,  which  grow  from  the  piece  of  alloy  to  the 
height  uf  three  inches,— extenduig  to  t!ie  bladder,  and  covermg  it  with 
a  netwrirk  of  lead.  Nitrate  of  silver  behnvca  in  a  similar  manner,  the 
crystals  of  silver  continuing  to  grow  till  they  come  in  contact  with  the 
ZUic.  (Solly,  PM.  iMmj,  J.  16,  312.) 

A  tube  tied  over  with  a  bladder  contains  dilute  acid,  with  a  piece  of 
zinc  in  contact  with  the  bladder,  and  is  immersed  in  a  metallic  solution ; — 
the  metal  in  at  first  <lep)8ited  on  the  zinc  by  purely  crheniii-al  action  ;  but  the 
depositiim  is  afterwards  continued  electrically  thmugh  the  blaxlder, — 
arul  tlius  the  same  circuit  of  two  metals  aud  twn  hquids  is  produced. — 
In  the  same  manner,  according  to  Wacli,  very  soVul  metallic  vegetatioua 
are  b>nned;  e.  ij. — with  chloride  of  antimony:  a  sohd  mass,  with  incUvi- 
dual  proJL-ctious ;  — with  dihite  a<.:id  solution  of  nitmtc  of  bismuth:  solid 
hiMniK[iherical  masses; — with  acid  solution  of  pmtochloride  of  tin;  tin- 
white  slender  ramifications ; — with  solution  of  one  part  of  chloride  of  phiti- 
lumi  ui  8  parts  water:  solid,  acute,  sti'eJ-grey  vegtstations.  If  the  tube 
contains  mercury  instead  of  zinc — and  the  outer  vessel  nitrate  of  silver, — 
sihiT-amalgam  is  obtained  in  rhomboidal  dodecahedrons,  dten  elongated 
mto  six-sided  prisms,  (Wach.) 

Likewise,  when  a  tulie,  sealed  at  the  bottom,  hut  having  a  crack  in  it, 
and  containing  solution  of  sal-ammoniac  with  zinc,  is  immersed  in  a 
sobitiun  of  sulphate  of  cop{x.'r,  containing  a  pitH?e  of  metallic  copper,— 
wjtjxn"  is  reduced  on  the  latter,  though  very  slowly. 

When  zinc  or  iron  is  placed  in  immediate  contact  with  solution  of 
copt»er,  that  metal  is  preciiJitatod  iji  a  loose  pulveitilent  fonu.  If  the  aiuc 
or  irtm  is  snrroundt^l  with  a  piece  of  bladder,  the  precipitate  is  still  loose; 
with  two  layers  of  bladder,  it  is  more  sohd ;  aud  with  thrin;  layers,  very 
solid,  knoldiy  and  branching.  [The  cf>pp<.'r  first  precipitated  on  the  zinc 
extends  itself  by  electric  action  through  tlie  layers  of  liladder  int'f>  the 
copper  Bolwtion ;  and  thus  an  atTangenieut  is  formed  oonsisting  of  two 
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■  metals  and  two  liquids,  the  soIotioD  of  copper  and  tiwe 

H  bladder.]     In  a  similar  inauner,  solid  copier  is  obtained  v 

H  i'^PP-  7)  beiug^  filled  with  water — a  piece  nf  irnn  m  place 

H  with  the  bladder  tied  over  its  lower  end,  aud  the  tube  i^  inuucwsliiil 

H  solution  of  sulphute  of  copper.   Id  the  c«jurse  of  two  houTK.  oiMerl  , 

H  to  collect  on  the  outside  of  the  bladder;  and  ia  about  a  fortBif^iakl 

^L^     of  metal  is  frmned,  with  small  square  faces  or  roondisb  protaberueK^I 
^^^K     specific  gravit}'  8*'.)  65,  and  possessed  of  almost  perfect  tnaUeafaility.  VitI 
^^^r    zmc,  instead  of  iron,  long-  ramificatioDS  are  obtained  in  thcoQ<uw<i| 
^^     month. — A  zinc'wire  dippingTinto  a,  and  a  copper  wire  into  A— IhetaMkl 
when  deeply  immersed,  becumes  coated  with  shining',   crvBtailiM^  wt^ 
and  knobby  copfwr.    Red  and  yt-llowish  red  octohednuua  of  ooppermS 
produced, — the  latter  being  formed  when  the  copper  solutioa  oo«iUl»fc 
free  acid,  aud  containing  an  admixture  of  zinc.     VVTion  tJie  copnr; »» I 
dii»8  in  but  a  little  way,   it  beci>me8  covered  with    lrx.»se    numuata  I 
Again  if  the  tube  a  be  closed  with  elder  pith,  very  thin  w.irk,  orventk 
slate,  instead  of  bladder, — solid  copper  is  de^x^sited  on   the  outer  nuiu  I 
of  the  diaphragms ;  much  more  slowly,  however,  when  either  ol  tbe  1*^ ' 
latter  is  UBcd.     (Wach.) 

Silver,  gold,  and  platinum  may  likewise  be  obtained  in  tlie  aoUd«t*' 
by  Wach's  method ;  silver  best  by  zinc, — gold  and  platinoin  by 
Silver  separates  either  in  runiitieationa  or  in  solid  plates ;  gxAd  and  fl^ 
tinunt  in  warty  concretions,     ((joht;!,  Schw.  60,  414.) 

If  the  tube  tied  over  with  bladder  does  not  contain  any  fiqmd,  M 
only  a  piece  of  zinc, — then,  on  immersing  it  in  a  solution  of  fM^iTpium,  gn^ 
moss-like  cadmium  is  deposited  on  the  bladder;  in  protochloridc  <»f  l» 
rectangular  needles  an  inch  long,  are  formed ;  in  solution  of  acetate  d 
lead,  a  continuous  plate  composed  of  four-sided  tables ;  in  SQluiMle  d 
copI>i'r,  solid,  malleable,  warty  copper;  in  nitrate  of  silver,   cubical  ad 

moHS-shaped  silver;  in  chloride  of  gold,  a  nou-crystalliuc  film: aff  thwr 

depfwitH  are  formed  on  the  outside  of  the  bladder. — In  solution  •« 

add  in  hydrochloric  acid,  arsenic  is  deposited,  not  on  the  bla-i  -a 

the  inner  sides  of  the  tube ;  in  prot<x;hloride  <jf  iri>n,  uo  rvductiuu  ij^** 
place. — If  the  tube  contains  mercury  instead  of  sdnc,  and  is  iuimersod  ia  • 
solution  of  nitrate  of  silver,  elongated  rhombic  dcMleeahechxjns  an?  fomitL 
In  all  these  cases,  the  outer  linuid  rises  by  cndosniose  into  the  tute, 
beeuiiHe  the  zincj  solution  which  is  forming  continually  incf 
strength.  (Klsnor,  J.pr.  Chtm.  22,  339.) 


Ttvo  Metals  and  three  Liquids. 

The  two  metals  connected  together  dip  iut<i  two  UqmdSy 
united  through  the  medium  uf  a  thinl.     For  this  pnqKJSO,  Ajip,  i  nay  I* 
uxed,  wlien   the  wire  or  siplion  /«  contains  the  third  liquid, — App.  4,  mkm 
the  third  licjuid,  tieing  the  heaviest-,  cjin  Lk?  made  to  occupy  the  lower  pMt 
of  the  r-tul>e, — App,  7,  when  the  tuf)o  a  is  stopped  at  the  hi>* 
cluy,  rind  thiH  in  saturated  witli  the  third  licpiid, — App.  8,  in  whii 
tulit^s  a,  b,  eloeeil  at  the  liotttjin  with  bladder  nr  with  clay,   dii 
liquid  in  the  vpssel  f.     In  many  cases,  the  third  hquid  plays  Uo  j 
part,  but  merely  series  as  a  modiiun  through  which  the  xr'.".- 
fttoniH  imiy  lie  continued  frouj  the  first  to  the  second  liqui< 
W«'  shall  liere  no|.ie<MinIy  those  cases  in  which  one  or  more  "i  m     , 
»if  the  intervening  liquid  give  rise  to  the  formation  of  pecuUiir  \>t  -A 
the  lirst  or  second  liquid. 
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When  tlu-  tubf  (App.  7)  ie  etopjxsd  with  clay  saturated  with  eolation 
)f  nitre,  and  ("<iritaiiia  iiluohol  and  a  Ipndcn  wire,  whilut  a  copper  wire 

rw>niit'ctrtl  witli  the  latter  dips  intna  snlutioTi  of  hlue  vitricil  in  tlio  vcKW't  A, — 
c<>|>per  is  inhiced  on  the  eop|iei'  wire,  uiid  ihe  leiul  In'runios  covered  with 
nitrak'  nf  lead:  Ix-euuse  the  enlphuric  add  of  the  hhie  intriol  liberates 
nitric  acid  froin  tlio  nitre  in  the  clay ;  and  tiiia  nitric  acid,  together  with 
oxyg-en,  govn  ovit  to  the  lead.  (Ueeqnerel.) 

If  the  enp  n  {App.  "2)  contains  iin  aleuholic  solution  iif  snlpho  carbonate 
nf  potusKJuni,  uHp  i*  solution  of  sulphule  of  t't)]>p<.'r — the  two  cnips  being 

[connwtetl  by  ;i  l>ent  tuhe  lilletl  with  solution  of  nitre,  and  lead  being'  im- 
DierHed  in  a,  and  cop]M?r  in  fi — reduced  copper  is  deposited  ()U  tlie  tatter ; 

I  whilst  iiitnc  actrl  is  tranrtforred  towards  the  lead, — atid,  by  its  oxidating 

'action  on  the  snipho  carlHtnate  of  p4itas8iuin,  causes  bicarbonate  of  potash 
»nd  needle-i<li!i[K'H.l  carbonate  of  lead,  togetiier  witli  vhoinbic  octohedrtuis 
of  8uii*hur,  to  be  depusited  in  the  cup  a  and  on  the  lead.  (Becquorel,) 


4.  One   Metal  and  two  Liquids.     Bucholzian    Circuit. 

WTicn  the  same  metal,  either  in  one  piece  or  in  two  piec<?8  metal- 
lically connected,  \n  immersed  in  two  different  liquidw  which  touch  one 
another,  erlher  initnediately  or  through  the  medium  of  a  iniroUK  connecting 
>Mxly,  the  part  of  lite  UK'tul  situated  in  ofie  ».>l  the  liipiidsi  riften  takes  up 
one  or  more  of  the  electro-negative  ek^mentfi  of  thia  liquid  ; — am!,  at  tho 
Bame  time,  one  or  more  of  the  electm-poHitivc  elements  of  tlu-  other  iirpud 
is  deposited  on  the  f)art  of  tlie  metal  thercMti  immersed.  In  this  case  also 
an  electric  cuirent  i8  produced,  po«itivc  electricity  going  from  the  tatter 
part  of  fhe  metal  directly  to  the  foniK-r,  or — what  cnnies  to  the  same 
thing — from  the  former,  through  the  liquid,  to  the  latter.  In  sliort,  tliat 
part  of  tlie  metal  which  condjuien  with  the  electro-negative  elements  of 
the  lirjnirl,  is,  according  to  the  usual  mode  of  expression,  (Kwitive  towarda 
the  other. 

ThiH  case  ift  therefore  different  from  that  already  described  (p.  329.... 
33fi,)  in  which  the  metal  di[»ping  into  two  litpiids  suffem  no  chemical 
alteration,  but  merely  servca  to  reunite  the  twf)  electricities  wliich  have 
been  scfttiralcd  liy  the  tvombination  of  tlie  two  liciuidfii. 

[.■\  metal  may  he  inclined  to  take  electro-negative  eloments  from  one 
Uquid  rather  than  from  another;  e.  g.  it  is  more  inclined  to  oxidate  in  an 
acid  or  an  alkaline  hqmJd — in  which  tlio  |)redi6|xising  affinity  of  the  acid 
or  alkali  for  the  metallic  oxide  comefl  into  }tlay — than  in  a  neutral  8filu- 
tioit.  Ah  Koon  [is  it  dcM-g  this,  negative  electricity  is  set  free  in  it, — pansea 
into  the  i)art  of  the  tnetal  situated  in  tho  otiier  li<piid, — and  thence  to  the 
electro-]>ositive  element  of  that  lii|uid  which  has  been  set  free  at  that 
very  place  by  tranH)xisitiun  of  at^mis  (p.  342,/).  The  liiffereut  tendenciea 
of  the  several  liquids  that  niay  jict  on  the  metal  to  [inMlnce  purely  che- 
mical or  electro-chemical  action,  must,  however,  be  taken  into  account. 
The  electric  cuiTcnt,  which  results  from  the  condjii:ation  of  ttie  two 
liquids — and  is  for  the  most  part  in  the  opposite  direction — is  so  small  in 
quantity,  that  it  need  not  be  taken  into  consideration,  except  in  a  few 
cases.] 

In  these  exjx'riments,  the  two  Hquids  are  either  carefully  disposed  in 
a  vessel  one  alK)ve  the  other  (which  was  Buclutlz's  aiTangement),  and  a 
metallic  rod  introduced  in  such  a  manner  as  to  dip  uito  lH>(h  of  tliem; — 
or  Apparatus  2,  3,  4,  5,  G,  7,  or  8,  is  made  use  of,  by  dipping  into  the 
two  liquids,  cither  the  two  ends  of  a  simple  metallic  arc,  or  else — in  oixler 
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to  observe  the  current — two  pieces  of  the  same  metal  ooonected  by  ie 

galvatiouMiter. 

Add  mid  u'tUer.  If  a  pile  bo  constmcted  in  the  following  onVr: 
PaHte-bnaril  Katunit<^d  with  water — zinc  (or  tin,  or  charcoal) — pasUvbari 
Butnrated  with  nitrio  acid — paste-board  eatiirated  with  waltr — £ioc,L 
&c,, — positive  eh?ctricity  goes  from  the  firHt  j>ioce  of  paste-board  Mtanti< 
with  water,  through  the  galvaiiometor,  to  the  la»t  piece  satoreted  «i«k 
nitric  acid. — In  a  [lilc  comiKised  in  a  similar  manner,  of  water,  rineiniiy 
(the  iiest  is  lead,  copper,  or  silver),  and -sHlpliurett^d  hydrogtiu  w»ter,  *■ 
current  takes  the  oppf>site  direction.     (11.  Davy,) 

If  both  divisions  (.4/?p.  3)  contain  water,  no  current  is  prodoccd  (t 
the  immersion  of  zinc,  iron,  or  copper ;  but  tin  adding"  to  the  w^ater  in  <« 
of  the  dJvieioriB,  a  .small  quantity  of  Hiil])liiinc,  hydrcxihloric,  or  nitric  idl 
the  metal  dipping  into  it  becomes  positive  (/.  *.,  jxvsitive  electricity  p^ 
from  the  metal  immereed  in  the  water,  through  the  galvanometer,  to  Itsi 
which  is  immcrsetjl  in  the  ucid).  Hypnuitric  acid  gives  a  contrary  rcwilL 
(Ritclue,   N.  Ed.  J.  of  Sc.  2,  150.)— If  cup  a  {App.  2)  coutams  w»ia. 

1  cup  h  nitric  acid,  the  siphon  h  solution  of  common  salt,  and  copper  i 
Immersed  in  both  cup,  the  copper  in  the  nitric  acid  is  positive-  (Bccqner ' 
[These  results,  obtained  by  Ritchie  and  Becquerel,  are  opposed  1o  t. 
of  Davy,  a-s  far  as  regards  the  nitric  acid  :  diffcj-ctit*  of  concentra 
pi'rhajm  account  for  the  discrepancy.     With  respect  to  Davy's 
obsen'ation  in  page  344,  i'.  6,  must  be  taken  into  consideration. 

77iff  samt  acid  of  different  degrees  of  concentration.  When  the  arm  a 
the  U-tube  {App.  4)  contains  concentrated,  and  6  dilute  nitric  acid,  tin 
mersed  in  the  dilute  acid  is  positive  towards  the  same  metal  in  the 
acid.  (Faraday.) — The  arm  a  {App.  4)  containing  a  mixture  of  -49 
oU  of  vitriol  and  9  of  water,  and  J  containing  water — which,  by  agi 
the  surfjico  of  contact,  has  taken  up  a  small  i|uantity  of  acid  andtir«n 
Bequently  cooled, — iron  apjX'ars  ahongly,  and  copper  feebly  positive  in  tib» 
acidulated  water  ;  tin  and  lead,  on  the  contraiy,  are  positive  in  thestrcn^ 
acid:  zinc,  cadmium,  and  silver,  give  no  cnrrent.  (Faraday.) —The  mw 
'  •rrangenicnt  being  made  with  highly  concentrated  hydrochloric  «dd  nd 
water, — zinc,  cadmium,  tin,  lead,  c^lpper,  and  silver,  are  positive  hi  lb* 
Acidulated  Water, — iron,  first  negative,  then  permanently  positiTn.  (F*- 
^raday,) 

Zinc,  cadniimn,  tin,  lead,  copper,  or  silver,  immersed  in  dilute  aoi 
(App.  4),  is  strongly  positive  towards  the  same  metal  immersed  in  coo- 

ceiitratcd   acid.      With  silver,  however,   the  directiun  is  variable; thf 

currrnt  is  often  suddenly  reversed,  and  then  again  resumes  its  furaar 
directiun.     (Faraday.) 

Let  1  Ik;  oil  of  vitriul;  \,  a  mixture  of  1  measure  of  oil  of  vitriol  witk 

2  measures  of  water ;  ^,  a  raixturo  of  1  measure  of  oil  of  vitrii>|  with  tO 
measures  of  water  :  tin  in  1  is  positive  towanls  tin  in  ^  or  ^  •  jmd  tin  fa 
4  is  {Kjsitive  towards  tin  in  ^t- — Lead  or  copper  in  ^  is  [Misitivo  (owifil 
lead  in  1  or  J^. — Iron  in  1  is  negative  towards  iron  in  ^  or  -,1^,  and  hum 

[Id  -I  is  negative  towards  imn  in  ^.     (Faraday.) 

Let  1  be  conceutrattnl  iiitnc  acid ;  |,  a  mixture  of  1  measmv  of  the 
Batno  with  1  measun.*  nf  water;  |,  with  3  measures  of  water ;  -J^j^  wHh  SO 
nieasnres  of  water :  lead  iti  ^  is  positive  towards  lead  in  1  or  f,  and  lead 
fin  ^  is  positive  towards  lead  in  1. — Copper  in  ^  is  positive  towwrda  cop- 
per in  I  or  ^ ;  copper  in  \  is  [x^sitive  towards  copper  in  1;  and  negatiw 
towards  copper  in  X.     (Faraday.) 

Dif treat  acids.    One  arm  of  tli<'  bent  tube  {App.  6)  oontainin^  o3  d 
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itriol, — ^thc  other,  oonceiitratod  nitric  sicid, — the  ziiic  in  the  former  is  posi- 

*'e,  but  iKu^iriru'H  n(>guti\'e  after  the  circuit  liaH  lieoii  closed  for  Rome 

imc.     p[n  cfHij^L^qucnro  nf  bRnjT  cnatf'd  with  isnlf>hate  of  zinc'?] — Irnn, 

"cfippfr,  aiut  silver  are  likewise  positive  in  oil  of  ^'itril>l,  negative  in  nitric 

acid, — iron  tin-  tnrvst  strong-ly,  mlver  the  least.     Nevertheless,  zinc,  cnpi^H-r, 

and  pilvi-r  are  mrigt  stroiigiy  attacked  iu  nitric  acid.     Althotig-h,  therefore, 

Khe  greatcKt  tiuantity  of  electricity  nmst  be  Bet  free  in  that  part  of  the 

icircnit.  it  iK-comes  directly  neiitralizt^d  at  the  H«rfiic<'  of  the  met ul»^— because 

rtlie  passage  of  jxifiitive  electricity  from  the  oil  of  \ntriol  to  the  other  piece 

|of  metal  is  attended  with  diflSculty,  (De  la  Rive.)     [Nitric  acid  has  a 

Ipecnliar  inclination  for  pure  chemical  action  (p.  344,  i.  6.)] 

\       All-iili  ami  water.     If  a  pile  I*  constnicted  in  the  tollowing  order: 

fPaete-board  Btiturated  witli  water— charcoal — [^lastc-board  satm'ated  with 

solution  of  Bod.'i,  tStc,  &c.,  |x>silivo  electricity  goes  from  the  last  [>ieco  of 

paste-board  saturated  with  soda,  through  the  galvanojneter,  to  the  firet 

piiH;<>  flaturated  with  water.    Similarly,  if  we  anaiige  one  above  tin;  other; 

Paste-hoard   saturated    with   water — zinc — paste-board    saturated   wnth 

water  and  sprinkled  on  the  side  touclilng  the  preceding  zinc  with  hydrato 

of  pot.iHh — zinc,  &c.,  Ac.     (TI,  Davy.) 

Atiali  of  diffftTtit  diffires  of  vonrentrntion.  Zinc,  cadmium,  tin,  and 
lead,  are  strougly — copjier  moderately — and  iron  wlightly  jMinitive  in  con- 
centrated alkali,  towarda  the  Bamc  motals  in  dilute  alkah.  (U.  Davy ; 
Faraday.) 

Potash  and  ht/dromlphate  of  potassium.  Zinc  in  jiotash  is  [lositivo 
towards  zinc  in  hydrosnlphate  of  pfjtassium.  Silver  and  palladiuni  are 
negative,  copper  alnroHt  neutral.     (II.  Davy.) 

Acid  and  a/koli.  Zinc,  tin,  lead,  or  copper,  in  stronif  Bolution  of 
pota«h  (^'l/ii/».  H),  is  jMJHitive  towards  the  same  metal  in  dihite  sulphuric 
acid.  In  this  action,  tlie  lead,  tin,  or  amalgamated  zinc  in  the  sulphuric 
acid,  even  becomes  covered  withtiuhhles  of  hydrogen  gas — proceeding,  not 
from  the  purely  chemical  action  of  the  acid,  but  from  the  electro-chemical 
action  of  the  jwttash, — their  evolution  ceasuig  when  the  circuit  is  closed. 
(Faraday.)  With  potash  on  the  one  side,  and  Bulplmric,  nitric,  or  hydro- 
chloric acid  fin  tlie  tfther,  zinc  is  more  strongly,  iron  and  copper  less 
Btrongly  positive,  in  potash.  With  dilute  sulphuric  acid,  the  current  is 
Btrotiger  tliun  with  the  aamo  acid  concentrated.     (Grove.) 

Water  and  stjiution  of  coinvion  salt.  Cojiper  in  Bolutioa  of  common 
salt  is  positive  towards  cripper  in  water.     (11,  Davj'.) 

Acids  a»d  cfdoride  of  calcium.  Zinc  and  copper  in  solution  of  chlorido 
of  calcium  {Aj)p.  5)  are  positive  towards  the  same  metalH  in  dilute  rutric 
add.     (De  la  Rive.) 

Hmvij  metallic  stdis  land  water.  If  pure  water  be  carefully  poured 
uixin  a  solution  of  chloride  of  zinc,  and  a  zmc  rod  inmierscd  in  hi>th 
liquids,  zinc  is  deposited  on  its  lower  end.  If  water  be  placed  upon  a 
concentrated  solution  of  protochloride  of  tin  containing  a  little  free  acid, 
and  a  rod  of  tin  Ije  introduced,  a  |jortion  of  tin  is  dissolved  from  it  in  the 
lower  litpiid, — while  crj-stalhne  tin  is  deposited  upon  it  at  the  surface  of 
contact  of  the  tin  solution  and  the  water.  (Bucholz.)  But  if  the  tin-sohi- 
tion  does  not  contain  free  acid,  a  portion  of  tin  dissolves  at  the  surface  of 
contact  of  the  sohition  and  the  water,  while  tin  is  reduced  on  the  lower  part 
of  the  ro<l.  (Kittcr,  A.  Gt/d.  1.  427.)  A  leaden  rod  similarly  immersed  iu 
water  and  solution  of  nitrate  of  lead,  becomes  coiToded  alxjve  and  covered 
with  reduced  lead  l>elow.  A  similar  effect  is  produced,  when  a  saturatt'd 
solution  of  nitrate  of  copper  is  placed  at  the  bottom  of  a  tulx?,  water 
above  it,  ami  a  copper  rod  immersed  ui  both, — the  action  being  particu- 
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larly  strong  whon  a  small  qnantity  of  nitric  acid  is  added  to  the  wife 
(If  the  wat<jr  Ijy  cliaucc"  rcuiaina  lumiixed,  uo  action  is  appaiciit ;  b«a  ii  1 1 
contains  a  littfo  nitrat«  of  copper,  tlic  actinii  coounonocs  iauuediiUJ^ 
Gm.)  Ill  all  thcBC  cases,  and  those  yt't  to  bo  described — as  reoonMli}  1 
Bucliolz — the  lUL'tallio  rod  is  found  lo  reniuiu  unaltered  for  a  snttOna 
betwot'ii  the  part  at  which  it  becoTiieg  corroded  and  that  at  whk-U  niad 
mcta!  i.s  depnsited  upon  it.  (Bucholz,  A.  Ge/il.  3,  324  and  424;  S.GM. 
5,  127.)  A  rod  of  silver,  dippin;,'  into  water  and  solution  of  nitnu  -f 
silver,  becomes  CO rrodi'd  and  acipiircs  a  bro\vn  colour  in  the  neater-  idiik 
silver  is  precijiitated  on  tlie  lower  part,  which  is  immersed  in  tl»c  «»»« 
Bolntion.  {Cri-otlfiuss.)  If  tw<j  pieces  of  zinc,  iron,  or  niang'aues*;  an  i»- 
mersed  in  water  and  the  aqucovis  solution  of  the  corros|>in»iinff  suhJak. 
the  piece  immersed  iu  tlua  solutiou  becotnos  positive  and  oxidm 
(Becfjuerel.) 

lleari/  metallic  salta  and  acids.  Dilute  nitric  acid  beine  plaood«i 
8oluti<)n  of  nitrate  of  lead,  or  dilute  acetic  acid  upon  acetate  of  lauLo 
imnuTSpd  leaden  rod  becomes  corroded  above  ana  coat<.'d  with  uwttSr 
Joinl  below.  A  similar  effect  is  produced  iap):»n  a  coppor  nnl  immenied  c 
dilute  nitric  acid  unil  nitrate  of  copper,  or  dilute  sulphuric  licid  and  wl- 
pbate  of  copjier.  Sa  likewise  with  a  silver  rod  in  water  coataiiiiaic » 
little  nitric  acid  and  a  neutral  solution  of  nitrate  of  silver.  In  ail  tiiw 
cases,  the  metal  corrodes  in  the  acid,  and  becomes  coated  with  redoo^ 
mefal  in  the  inetalUc  solution.  (Buchol/,.)  In  a  concentrated  stilutian  U 
sulphate  <if  copper  covered  witli  dilute  nitric  acid,  a  copper  rod  btnooMi 
coated  with  small  metallic  oct<^)hcdrons.     (Elaaer.) 

Henvjf  tiicfttHic  mlts  and  ammonia.  The  lower  stratum  consistinir  d 
sulphate  of  copper  dissolved  in  water  acidulated  with  suljthuric  acid,  tia 
upfx>r  of  ammonia, —  a  cop|K'r  wire  immersed  for  t^welve  hours  in  tboi 
liquids  becomes  corroded  iu  the  copjier  snlutiou,  and  covered  with  ciystab 
of  copper  in  the  ammonia.     (BerzeUus,  Lefu-buch,) 

Hfavi{  metallic  salt«  and  mdpliide  of  carbon.  If  aqueous  solution  d 
nitrate  of  copper  In?  placed  above  sulphide  of  carlxjn  in  a  pflass  tube  cwaM 
at  the  liottom,  and  a  plate  of  copi»er  immersed  in  these  liquids,  cT3*0t«b 
of  Rul>oxido  of  cop[»cr  form  on  its  upper  part;  and  carbon  (sululudc  </ 
copper?  Gm.)  is  deposited  on  the  tube  in  thiu  lamiuse,  posaoaaiaff  tke 
nK'tiillic  liiKtre, 

Hmv}/  metallic  salts  and  alkaline  salt^.  Cup  a  {App.  2)  contaaiiltf 
common  salt,  and  cup  b  sulnhate  of  zinc,— zinc  immersed  in  ♦!><•  Intlcr  » 
positive;  so  likewise,  iron  dippiufji;-  into  c^»mmon  salt  and  pi 
iron.  — But  copf»er  in  nitrate  of  copi>er  is  negative  towards  .  , 
mon  salt ; — similarly,  with  lead  in  nitrate  of  lead  and  coniniou  imIi  fwitk 
nitric  acid  and  heavy  metallic  nitrates  there  is  a  peculiar  tenar-nrt 
to   pure   chemical   action]. — The    U-tulie   {App.   4)  cimtuinin^j;  « 

at  A,  solution  of  chloride  of   barium  at  «,  suid  solution  of   «••  i 

lead  at  by  and  the  ends  of  an  arc  of  lead  dipi>ing:  int4>  the  twti 
aririB  of  the  IwIk',— shining,  silky  crystals  are  formed  on  the  Ivnd  ia 
a  [which  is  therefore  positive] ; — these  crystals  apjrar  to  ho  a  OOOH 
bination  of  chloride  of  load  with  chloride  of  biiriuni.  — If  tJie  am  « 
contains  solution  of  common  salt  with  crystals  n[  the  8:uue — the  arm  A, 
solution  uf  su)|>hatc  of  co]i|)cr  with  oxide  of  copi^M:r, — and  thi»  <m,.i. 
cop|)er  wire  dip  into  tin-  Iwo  arms,— copjier  is  dei)o8itcd  f>n  lb 
mersed  in  the  i)lue  vitri«>l,  which  is  negative.  The  hulphuriu  aciu  ... 
liberale<l  clissolves  the  oxide  (»f  cop^ter,— and  the  copper  in  tho  italt  »ulg 
tion,  which  iK-comcs  alkaline  [bccitits4>  the  ttulphnric  acid  dooa  not 
over,  and  the  oxyffcn  of  the  oxide  i»f  copjier  combines  with  the  sixiiutsi 
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the  common  salt  and  Bcnda  chlorine  to  the  copper],  covers  itficlf  with  octo- 
hedriinH — which  appear  to  be  a  comliinatioii  of  subdiloride  of  copper  with 
chloride  i:>f  Bodium,  aud  give  up  the  latter  to  the  water  : — they  are  at  first 
traiispiiri'iit  and  c<*hmrletirt;  but  when  the  experiment  lastw  two  or  three 
mf>nthK,  tliey  become  iirwt  violi-t  and  afterwards  emerald  green,  remairung" 
however  tranft[iarent.  [Frot<3chloride  of  copj>er  +  chloride  of  sodium  ?J— 
When  Bal-ammoniac  is  Ti.sed  in  tlii«  experiment  insluad  of  common  saltt 
ami  the  air  in  kejit  from  the  arm  a,  (x;toliedrons  with  tiimcated  edges  and 
Bummils, — at  first  colourless^  but  afterwards  acqumng'  an  amethyHt  tint — 
are  <!ejK)Bited  on  the  copper  in  the  sal-ammoniac,  and  sonietiniea  six-sided 
prJHraK  ufMin  these.  Both  these  compounds  are  decomposed  by  water, 
which  extracts  the  sal-ammoiiiac.  Nitrate  of  a>pper  behaves  with  common 
salt  and  sal-ammoniac  just  like  snlphate  of  copper.  Chloride  of  potaBaium 
or  chloride  of  barinm  subBtituted  ft>r  common  salt,  deposits  on  the  copper 
similar  compounds  of  chloride  of  copper  with  chloride  of  potassium  or 
chloride  of  barium  in  teriTvhcdrons.  Silver  immersed  in  nitrate  of  silver 
and  aqueous  solution  of  sal-ammoniac,  chloride  of  ptitaeniimi,  chloride  of 
KOiiiitm,  or  chloride  of  barium,  covL-ra  itself  in  like  manner,  in  the  lant- 
montioncd  solutions,  with  octohedral  or  tetruhedral  comhinationa  of  chloride 
of  silver  with  these  metallic  chlorides.  Tin  dipping  m  the  same  manner  uito 
common  salt  and  sulphate  of  cti|iper,  covers  it>ii.df  in  the  former  with 
needles  of  chloride  of  tin  and  sodium — and  lead,  with  tetrahedrouH  of 
chloride  of  lead  and  sodium.     (Becqucrcl.) 

If  solution  of  sal-ammoniac  or  common  salt  be  poured  upon  pulverized 
oxide  of  lead  in  a  tube  sealed  at  the  bottom,  and  a  rod  of  lead  immersed 
8o  as  to  tottch  tiie  oxide,  reduced  lead  is  depositf<l  ufKm  it.  When  solu- 
tion r)f  sal-ammoniac  is  plneed  above  peroxide  of  k-ad,  an  immersed  leaden 
rod  becomes  covered  with  needles,  from  which  water  extracts  sal-ammo- 
niac,— |»robabiy  therefore  chloride  of  lead  and  anmionium.  [In  the  fu'st 
place,  oxide  of  loatl  <liHsolves  at  the  lower  part  ui  sal-anrmoniac  or  common 
salt:  two  hquide  are  thus  fonned:  the  fonner  yields  chlorine  to  the  lead  ; 
the  latter  defiosits  reduced  lead,  if  protoxide  of  lead  has  been  used — or 
wlien  peroxide  of  h^ad  is  employed,  extracts  oxygen  from  it.] — In  like 
manner,  a  copjier  rod  di}>jiing  into  oxide  of  copper  and  solution  of  sal- 
ammoniac — access  of  air  being'  prevented — becomes  covered  \vitb  largo 
crystals,  consisting  of  a  combination  of  sub-chloride  of  cop[:K?r  with  sal- 
ammt-tniac — culourlesa  at  first,  afterwards  acqiuring  a  yellow  tint,  and  dif- 
fering in  form  from  those  previously  nientioned  (p.  400).     (BecJipierel.) 

If  the  tidn.^  stopped  at  the  bottom  with  clay  {App.  8),  ctmtains  solu- 
tion of  iodide  of  jwlassimn — the  tube  b  solution  of  idtrate  uf  lead — the 
vessel  c  any  conducting  watery  liquid^ — and  the  endfl  of  an  arc  of  lead 
dipping  into  a  and  b, — white  silky  needles  of  iodide  of  leatl  and  potassium 
are  deposited  ujton  the  lead  in  o,  gradually  decomposing,  and  changing 
into  octohedfons  of  iodide  of  lead. —  If  n  contains  iodide  of  potassimu  or 
f»odium,  and  b  snlphate  of  cop^)cr,  metallic  copper  is  deposited  on  the  lead 
in  b  \  and  on  the  lead  in  a,  long  silkj'  needles  of  iodide  of  lead  and  jwtas- 
eium,  or  iodide  of  h;ad  and  flodium,  from  which  water  extracts  iodide  of 
potassium  or  sodium. — Copper  treated  in  the  same  niarmcr  gives,  at  first, 
white  needles  of  iodide  of  copper  and  potassium,  then — after  their  decom- 
position—octohedronn  of  iodide  of  copper.     (Becqvicrel.) 

Tube  a  {App.  8),  contaiidng  hydrosulphate  of  potassium,  wliich  should 

Ik>  slightly  decomposed  by  exposure  to  the  air,   and  tut>e  b  contiuning 

nitrate  of  copper,  sulphiile  of  copper  and  twtassium  is  at  first  deposited 

on  the  copper  in  n  in  fine  silky  needles ;  these,  however,  are  gradually 
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decompoRcd,  and  converted  into  grey,  metallic-Bhining  cryBtals  of  disol- 
pliuret  of  cop|»cr  with  triaiigiilar  faces. — If  the  copjKT  salt  be  rcphtced  by 
nitrnte  of  silver,  and  the  enpiKT  arc  by  a  silver  arc,  the  silver  itj  b  Wcnuv^ 
covered  witFi  silver,  and  the  silver  hi  a  with  bcantiful  ])risraK  of  sulphide 
of  silver  aiul  jHjtiisBiiun,  which  are  piiidually  decomposed  by  the  nitric  add 
carried  over  to  them,  so  that  sulphate  of  potash  and  octohedral  sulphide 
of  silver  are  produced,     (Becqucrel.) 

The  tiilw  a  Btopj>ed  with  clay  {App.  7),  l)eiii;^  filled  with  a  solutio 
bicarbonate  of  soda,  the  vePHel  b  with  a  solution  of  sulphate  of  cir>p[ 
and  a  copper  are  dipping  hito  the  hquids,  copper  is  reduced  on  the  copper 
in  A,  atid  hhiiKh  ^een  silky  needles  of  carb*»nate  of  eo|i{KT  and  soda  tav 
deposited  u{*on  a.  If  now  the  carbonate  of  goda  in  a  be  rejJaced  by 
water,  the  galvanic  jiL-tion  becomes  weaker ;  but  the  sulphuric  acid  which 
goes  over  from  the  sulphate  of  copper  decomposes  the  abovc-rnentinncd 
double  salt  into  sulphate  of  soda,  and  jiartly  crystalliuc,  partly  pulverulent 
carbonate  of  copper.     (Beequerel.) 

Two  (liferent  hem-}/  metallic  salt.t.     Vu\t  a  {App.  2),  containing^  sulphate 
of  jdne,  and  cup  b  nitrate  of  e<ipper,  copp<>r  in  a  is  fwsitive  towards  e^'pncr 
in  i  1  ao  likewise  with  zinc  and  lead.     (fJeequerel.) — A  copper  rod  di(>pM^ 
into  a  vessel  filled  with  solution  of  corrosive  sublimate,  at  tlie  bot^JH 
of  which  is  placed  a  piece  of  copjxT  [a  jiortion  of  which  dissolves,  andl^ 
fonns  the  second  liquid],  becomes  covemd  withmetalhc-Bhiniug^  laniinse  c«f 
chloride  of  nicrcui-y  ana  copper.     (Beequerel.) 

One  metallic  mlt  trifh  tlij/'vmit  proportions  a/ acid.  The  CUps  rt,  b  (App.  2\ 
containing'  the  same  solution  of  elilonde  of  antimony,  and  a  liar  of  anO- 
mony  eonneoted  with  the  p-al  vain  "meter  dipping'  into  both  of  them — a 
current  is  produced,  as  soon  as  a  fwrtion  of  acid  is  introduced  into  tho 
cup  a,  the  antimony  imniersed  in  the  acid  sohition  becoming  pomtive. 
So  likewise  witli  chloride  of  bismuth  and  metallic  bisinuth ;  with  sulphate 
of  tin  and  metallic  tin ;  with  chluride  of  lead  and  mctnllie  lead :  with 
eliloride  of  iron  and  metallic  iron  ;  with  nitrate  of  copper  and  metallic  eop|)er. 
— But  with  sulphate  of  zinc  or  protosulphate  '»f  iron,  i>n  the  cimtrary,  iho 
zinc  or  iron  in  the  acidulated  sohition  becfmies  nepttive.     (Beequerel.) 

When   acetate  of  lead  is  poured  n[xm   pulverized  litharpe  in  n  i^laM 
tube,  and  a  bar  of  lead  immersed  in  botii,  protoxide  of  lead  in  dcnk' 
drouB  and  needles  is  deposited  n|K>n  it. — If  the  tube  contains  pulve 
oxidr'  of  eop)ier,  a  saturated  sohition  of  nitrate  nf  co|'|K"-r,  and  a  c<>pj>cr 
— the  tul»e  iK'ing'  also  well  closed — nietallie-shinhi^  (X^toheilrons  or  ct 
of  sulx)xide  of  cop|)er  are  deposited  on  the  nxl  in  ten  or  fourteen  di 
If  tlie  tube  contains  much  oxide  of  copper,  the  liquid  in  the  a)urHe  of 
a  year  completely  loses  its  colour,  and  is  then  found  Ui  contain  nitrat*  of 
anunoiiia.     When  the  quantity  of  oxide  of  copper  is  smaller,  the  liquid 
remains  coloured — and  the  crystals  of  suboxitle  of  eopj^>er  formed  at  tbo 
beginning"  lose  their  lustre,  and  take  up  nitric  aeid. — WHterj  oxid.-  ■ 
and  aqueous  sohition  of  chloride  of  copper  are  placed  in  the  ■ 
tlie  liquid  loses  it  colour ;  and  on  the  copp<.T  rod  is  deposite<l  ii_, 
Bubchloride   of  copper — which,   on   the   side   turned   towards   the   lii 
beeomes  covered  with  cajiillary  crj'stals  of  nuboxide.     (Becipiertd.) 
ntU4'h  in  th<i»e  exfieriments  is  to  l»e  attributed  to  eleetro-eheinieal,  lui 
much  t<:i  purely  cheniieal  action,  is  yot  to  l)o  dotcmiiued,] 
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5.  The  fottr  ends  of  tufo  metallic  arcs  dip  into  two  separate  vessels  filed  tcith 

Uquid, 

III  these  cases,  one  of  the  liquida  i&  decomposed  by  the  metal,  the  other 
by  the  electric  current  thus  produced. 

A.  The  same  liquid  in  both  vessels. 


a.    Two  Metals.^TJu  ends  of  both  tnetab  dip  into  ojie  vessel^  Oie  ends  of  one 
metal  only  into  the  other  vesseL 

In  the  following'  cxperiinonts,  Faraday  made  use  of  App.  19.  Tlie 
phitiimiii  wiro  o  wliich  flips  into  tliLi  g-bss  vessel  a,  is  contiuned  by  tho 
jralviiiumintLT,  and  connected  by  the  ii'on  wire  ,v  j  with  the  platjiium  wiro 
p,  whieli  dips  into  the  tcshcI  d.  The  iron,  nickel,  or  silver  wire  di[i[)ing 
into  ((  is  cntjnected  at  x  with  the  platinum  wire  i'  which  thps  into  //. — The 
cnrrcnt  excited  by  the  iron,  nickel,  or  silver,  in  connection  with  the  pla- 
tinnni  in  the  liiinid  of  the  vessel  a,  has  to  make  its  way  thrnngh  the 
liqnitl  in  the  vessel  i,  wliich  weakens  and,  in  some  cases,  completely 
stops  it. 

If  a,  b,  contain  nitric  acid  freed  by  boiUng  from  nitrons  acid,  the  iron 
apjx'ars  sliglitly  positive  (».  e.,  positive  electricity  goes  from  o  through  y, 
t,  p,  (,  to  If) ;  but  the  current  is  so  feeble,  that  it  is  far  exceeded  by  the 
op]x>Hite  cuiTcnt  excited  by  the  iiitrodnctinn  nf  a  piece  of  imper  moistened 
with  hydrt»L-hltiric  acid,  between  the  iron  aiid  platinum  at  r,  A  similar 
result  is  ubtaiued  whm  llic  end  of  the  inin  wire  which  dips  into  a  has 
been  made  passive  by  ignition  in  the  air.  If  the  acid  is  diluted  with  fonr 
measures  of  water,  the  ciu"rent  is  still  weaker ;  and  in  both  cases  it  is  sur- 
passed b}'  a  thermo-eiectric  current  produced  by  a  single  pair  of  bismuth 
and  antimony. 

When  (J,  t>,  contaui  fuming  nitric  acid — which  conducts  better  tlian  the 
ordinary  }icid — iron  produces  a  stronger  current,  which  is  only  reduced  ono 
half  by  the  opposite  thermo-electric  current  of  a  single  pair  of  bismuth 
and  antimony. 

If  linth  vossoIb  contain  a  mixture  of  equal  parts  of  hypntutric  acid  and 
water,  both  ignited  and  unigiiited  iron  are  at  first  slightly  positive  ;  but 
the  current  HO(ui  ecases.  Unignited  iron  in  a  becomes  passive;  hut  the 
circuit  still  eondiiets  a  thermo-electric  current  well  (tliough  not  nearly  so 
v.'oll  as  eulfihide  of  |>otaBsium)^and  moistened  paper  between  tin.-  plati- 
num and  u"on  at  x  excites  an  op[)osite  current.  When  tho  end  of  the  iron 
dipi'ing  uito  a  has  been  ignited,  the  ttircuit^  after  it  has  become  in:w:tive 
conducts  the  thermo-electric  current  with  great  facility.  [Iron  rendered 
paesivc  by  hyponitric  acid  is  covered  with  jK-roxidc  of  iroti,  which  is  not 
quite  sf>  good  a  cc»nductor  as  tho  black  oxide  (Fet)*),  with  which  iron 
rendered  passive  by  ignition  is  coated.] 

In  concentrated  aqueous  solution  of  potash,  silver  ^vea  scarcely  any 
current;  iron  or  nickel,  a  feeble  current  which  soon  diminishes.  When 
the  Bolutiou  of  potash  is  diluted  with  six  measures  of  water,  silver  gives 
no  current,  nickel  or  iiori  a  feeble  one,  which,  however,  continues  for  a 
longer  time.  In  these  cjiscs,  paper  wetted  with  nitric  acid,  introduced  at 
jr,  excites  an  o])jM)site  current  of  greater  strength. 

If  the  cups  fi,  h,  Cf/nlaiu  yellow  solution  of  sulphide  of  [lotassium,  tho 
iron  apiK'am  negative  towards  the  pkitinimi  for  ten  minutes,  on  account 
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of  the  oxide  which  adheres  to  it.    After  this,  the  current  oeasnahfi^l 
Nevertheless,  the  circuit  condacta  admirably — and    produces  a  thfl>| 
electric  current  on  the  application  of  heat  at  x^  j/^  or  z  (where  the  iri^k 
platiDom  t<.»uch  one  anotlier) — and  a  galvanic  current  of  stil!   ~    •  "  - 
on  the  introduction  of  paf)er  nioi8tene<l  with  dilute  acid  l- 
metals. — It  appears  then  that  no  current  is  excited  by  the  omun  i  ^^ 
heterogeneous  metals  at  x  (the  effects  of  contact  at  y  and  *  would  K^ 
lize  each  other);  but  when  the  metals  are  separated  ^t  x  by  a  ib(mIo»| 
ductor,  a  current  is  produced. — Just  as  platimun   Itehaves  with  «ii»l| 
solution  of  sulphide  of  {lotassium,  so  also  does  gt.>ld  bt'liave  with  ( 

tkel,   and  paliaditim  with  iron  or  nickel :    the   slight   dedix-tinn 
neetlle  which  always  takes  place  at  first,  soon  ceases.     Only  in  dte  < 
platinum  with  jtfjlladium,  is  the  very  feeble  current  of  longer  da 
the  palladium  after  some  time  becoming  covered  with  sulphide  of  ] 
(J'araday.) 

If  the  cups  a,  h  {App.  2)  contain  solution  of  nitrate  of  sOver— thprl 
g  i  consisting  of  silver,  the  arc  op  of  zinc  at  o  and  of  silver  at  /> — td^- ' 
tree  is  formed  at  p  and  g,  and  likewise  Qiy  purely  chemical  action]  uni  I 
sno,  whilst  the  silver  cud  i  dissolves.     (If-  Rose.) 

The  cups  rt,  6  (-App.  2),  containing  solution  of  nitre — o  being  i 
platinum,  and  g  i  zinc — the  current  is  stronger  than  when  a  and  b  i 
nected  by  a  bundle  of  threads  saturated  with  solution  of  niti«, 
by  the  arc  of  zinc.     (H.  Davy.)     In  Faraday's  experimenta,  three  < 
the  less  oxidable  metal  are  used ;  in  those  of  Da\'y,  three  ends  of  tlw  i 
oxidable  metal.     (FiJ.  Decompositiona  by  (A«  electric  current,  Diaphn^mL) 

^.    Three  Metalt  and  one  Liquid,      One  ni^aUic  arc  connsta  of  tvo 

tn^alsy  the  otfier  of  the  third  nutai. 

The  cups  a,  b  (Api).  2),  containing  a  solution  of  copper,  and  o 
ing  of  zinc,  p  of  silver,— copper  is  precipitated  ou  the  silver,  proi 
second  metallic  arc  g  i  is  formed  of  one  of  tlic  more  oxidable  mtrtli^  i 

I  of  gold  or  platinum.     (Singer.) 

The  vcsKcls  n  and  b  (App.  2),  containing  solution  of  nitrate  t>f 
and  o  conBisting  of  zinc,  p  of  platinum,  g  i  of  silver, — silver  is   redooe^l 
0,  p,  and  //,  while  the  silver  end  i  dissolves.     [The  zinc   aa   it  oi 
sends  negative  electricity  to  the  platinum — wfiich  negative   fAtxtMS' 
Cfinibitjes  with  tlie  silver  there  reduced;  the  silver  retluced  by  zinc  hi «• 
de|K>sited,  partly  on  the  zinc  by  purely  chemical  action,  partly  on  tbesBwv 
end  <7  by  electro-chemical  action.     The  negative  electricity  wliich  liMl* 
combine  with  the  silver  reduced  at  the  end  g  receives  it  from  the  ti*<f 

,  end  i',  from  which  negative  electricity  is  set  free  by  the  conibinatioo  'f 
tl»i>  silver  with  oxygen.] — When  the  silver  arc^r » is  replaced  by  an  sic*' 
platinum,  the  action  is  much  slower  [because  the  platinum  end  i  takes  ap 
no  oxygen,  and  therefore  gives  rise  to  no  trans^Kisition  n(  atonui  in  I}— 

,  If  the  vessels  u,  b,  contain  solution   uf  sulphate  of  cop|x?r,  and  y  t  rmir*** 
of  silver,  copper  is  deposited  ou  the  zinc  [hy  purely  cheutical  actioal  ssi 
ISkewiMe,  after  twenty-four  hours,  on  the  platinum  and  on  the  silver  eod/ 
rsilver  probably  also   dissolving  at  ij. — When  the  arc  «/ i  i 
iinum,  tlic  platmum  i  does  not  become  covertnl  with  cuppi- 

'•lii|iHi'  of  two  days;  hut  the  action  is  much  more  eucrgftic  when  ibcaivf  i 

lis  formeil  of  zinc,  tin,  lead,  or  iron.     (PfafT.) 

If  the    vcHsels  #»,  b  (App.  2)  contain    a  mixture  of   1    part   of  ad  itf 
iol  and  lfM">   parts  of  wat^-r,  o  p  being  an  iron  wire  orated  at  p 
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loxide  vt  lead,  and  */ «  a  platinum  wire, — hydrogen  gas  is  evolved  at 
Se  plutiuum  end,  17,  and  oxygeu  at  the  pliitijium  cud  1.  (Sohoiibeiii.) 
The  metallic  arc  o  p  {App.  2),  conBistiiig  of  jilatumin  dipping  into  a 
a  ix)int,  but  into  b  hy  a  large  surface,  aud  the  cups  a,  b  coiitaiuing 
rater,  or  a  mixture  of  1  part  oil  of  vitriol  juid  10  imrts  water,  or  1  part 
soil  of  vitriol,  5  parts  cnmmon  salt,  aiad  100  piirtu  water,  or  a  mixture  of 
gsea-water  and  nitric  acid, — a  larger  deflection  \»  produced  when  the  arc 
mg  I  consiHts  of  zinc  at  i  and  c<(p]H;r  at  7,  than  whei»  it  ih  arranged  the  con- 
r»trary  way.  But  witli  a  mixture  containing  frnin  1  to  18  piirtn  oil  uf 
(  >'itriol  with  lOoo  pfirtfl  water,  or  1  part  hydrochloric  itcitl  and  80  }>artB 
^  water,  the  htrongcBt  deliection  is  produced  with  zinc  in  a  and  cop{»er  in  b, 
,.  With  1  part  of  couunon  salt  in  10  of  water,  the  deilection  ie  equally  strong 
I  both  ways.  (Mariaulni.) 

Vearious  combinations  tfith  three  and  four  metals. 

The  vessela  n,  b  (App.  2),  containing  either  pure  or  acidulated  water, 
the  em-rent  producoa  the  same  deflection 'of  the  neeiUe  in  eiich  of  the 
fcfUowirig  three  combinations:  1.  0  zinc,  g  platinnra,  p  ancl «  ctvpjKjr; — 2.  0 
zinc,  p  platinum,  g  and  t  copper  j — 3.  0  zijic,  p  copper,  g  platinum,  i  iron. 
(Poggendorff.) 

If  both  vessels  contain  water  acidulated  with  sulphuric  acid,  0  being 
cjidmium,  g  iron,  p  platinum,  aud  «  copper,  the  current  excited  by  copper 
with  platininn  has  the  advantage  over  that  produced  by  cadmimn  with 
iron  ;  whereas  a  siiiiple  circuit  of  cadmium  and  irou  produces  an  ek'ctric 
ciu'rcut  400  times  as  strong  as  that  excited  by  a  copper  and  platinum 
circuit. 

B.  Ttoo  LiquidB  and  two  Metals. 

a.  Each  metallic  arc  consists  of  one  metal. 

This  arrangement  may  be  regarded  as  a  combination  of  two  circuits  of 
two  metals  and  one  liquid — or,  acctvrtUng  to  Puh(,  as  a  combination  of  two 
circuits  of  one  metal  and  two  hquids. 

ibcperiaierits  of  this  kind  may  lie  made  with  App.  2 ; — App.  20.  (The 
tiptKT  end  of  one  of  tlie  metals  is  l)ent  round,  and  eitlier  beaten  out  flat  or 
hollowed  into  a  cup  j  aud  in  or  upon  tliis  is  placed  a  liquid  or  a  piece  of 
paper  saturated  with  a  liq»i<l,  with  which  the  bent  wircj<<f  the  other 
metallic  plate  J  is  connected  J ; — App.  21.  (The  two  bent  tulx's  are  filled 
with  the  two  hquids,  in  which  are  immersed  the  four  ends  of  the  two 
ineta!lic  ai-cs.) 

If  the  cup  a  (App.  2),  contains  oil  of  vitriol,  and  ft  nitric  acid — the  arc 
o /)  consisting  of  platinum,  g  1  of  zinc,  tin,  lea<l,  iron,  copper,  brass,  or 
silver — (Kjsitive  electricity  goes  from  the  oil  of  vitriol,  through  the  galvano- 
meter interposed  in  the  platinum  are,  to  the  nitric  acid.  Hence  the 
galvanic  action  of  the  oil  of  vitriol  on  the  more  oxidable  metal  overeomes 
that  of  the  nitric  acid.  The  contrary  effect  is  genendly  pnaluced,  if  the 
cup  a  contains  solution  of  chloride  of  calcium  instead  of  oil  of  vitriol ;  but 
the  current  is  feeble.  (Do  la  Rive.) 

The  Clip  a  {App.  20)  containing  water  mixed  with  sulfihuj-ic  acid  and 
a  httle  nitric,  the  are  op  being  formed  of  zinc  and  g  i  of  platinum,  and  a 
piece  uf  pa|)er  saturated  with  iodide  of  ix>tassium  being  placed  lietween  p 
ami  I, — iodine  is  separated  upon  the  platinmn ;  and  when  tumeric  paper 
is  useti,  it  is  turned  brown  from  the  liberation  of  alkali  on  the  zinc  p. 
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The  same  decompoMtions  of  the  second  liquid  arc  obtained  vith  b| 
platititun,  and  aqaeoos  solution  of  potash  or  conuuou  salt ;  aod  Gk 
(as  Andrews  obtained  them  with  App.  19).  "with  nnial^rainated  aac 
nunif  aiid  water  nierelv  acidulated  with  aulpliuric  acid.     luthoe* 
the  action  of  the  liquid  containing  acid  or  cominnn    ^alt  upon  tbti 
overcomes  that  of  the  solution  of  iodide  of  pf)tas»>ium  on  tlie 
In  this  or  a  similar  manner,  zinc  with  platiumn   in   dilute  »m 
deconipoeee  aqacou8  solution  of  iodide  of  putassium,   f  ut>ed  pnitediiBkl 
of  tin,  and  fused  chloride  f»f  silver — but  not  water  acidulated  wA  ^\ 

fhiuic  acid,  hydrt>chh iric  acid,  solution  of  Glaulnrr's  Halt,  fused  i 
;ad,  or  fused  iodide  of  lead.  In  those  cases  in  which  no 
takes  place,  there  is  UkewLee  no  cunrent  produc-od. — Zinc 
in  aijueouB  8i>lutii-in  of  p<^itai!ih,  or  a  mixtiu-e  of  ammonia  and 
,  ammonia,  deconTixiscs  avjueous  Hoiution  of  iodide  of  pdtasaiuui, 
[■oda,  nitrate  of  silver,  and  hydrochloric  acid. — Zinc  and  pb^QBil 
sr  containing  both  sulphuric  and  nitric  acid,  dt.»com pones  not  oolylfc| 
7Q  named  coniiiounds,  but  also  fused  nitre,  fused  chloride  of  IhmLb'I 
fused  iodide  of  lead,  but  not  snlulinn  of  acetate  of  lead.  It  is  Hi*  tfcl 
quantity  but  tlio  uitensity  of  the  current  that  determincb  the  d««ap»»| 
tion  of  these  compounds  :  large  plates  of  zinc  and  platinum  in  ««*»l 
containing  sulphuric  acid  do  nut  dcconi[j«»se  the  la^t-mcittionoii  **| 
etances ;  but  the  dccouipiisition  takes  ])lai.v  readily,  even  with  wire  <| 
these  metals,  if  tlie  water  contains  nitric  in  addition  to  the  sulphi 
At  all  cventa  it  fullows  from  these  experiments,  that  contact  of 
.not  essential  to  the  jirudnctiou  of  an  electric  current. — Polished 
jtlatinuiii  in  wuter  liki'wise  produces  a  curreut  capable  of  dccomuB** ' 
iodide  of  ijotassium,  (Faraday.) 

Water  cnutaiuing'  sulphuric  acid  being  placed  in  the  rcfiscl  <i{Aff-^ 
aqueous  ijolutii in  uf  potiish  in  h,  and  the  ends  of  the  zinc  ar«>onaiHi< 
the  aipjier  or  pSaliiiiini  arc  g  i  dipping  into  both  liquids, — a  ciinvnt  •! 
the  first  instant  produced  in  favour  of  the  potash  (from  o  to  »)— Wl 
ceases  inunodiately.  (Faraday.) 

The  arc  o  p  {App.  '21)  consisting  of  platinmn.  the  arc  ff  t  of  aiMBei 
metal,  and  the  tubes  a,  b,  containing  diiTercnl  tiipiids — an  electric c  _ 

{generally   a  strung  one,  is  produced  in  the  directi<in  a  o  p  by  wbea  ^* 
i(|uids  and  metal  are  disposed  in  the  following  order :  ^  i  in>n,  a  d3» 
Bulplmric  acid,  b  fuming   nitric  acid ; — g  i  iron,  a    hydriH.!hloric  t/A  ^ 

hyjioiii trie  acid  dihited  with  water  suflieieut  to  make  it  grceu; «ilK 

cadmium,  lead,  or  coitixT,  a  hydmchloric  acid,  b  it^Hiide  of  potaM>iHir~ 
g  i  iron,  11  dilute  hydn >cLlin'ic  iicid,  b  fuming  nitric  acid  or  yellovr  poladH 
of  stit|<hide  of  fK)tas.sium  -.—g  i  iron,  a  dilute  nitric  aci<I,  b   f*^L  Ulitwli^ 
ooloiu'lests  nitric  acid,  fuming  nitric  acid,  hydrated  green  hyponUrie  aoii 
vr  yctlow  solution  of  sulphide  of  potassium; — g  %  iron,    zinc,    cadaaw 
leui,  or  copfjer,  n  dilute  nitric  acid,  b  iodide  of  potassium ; — ^  i  hnp,  • 
water  or  sulution  of  common  salt.,  b  hydrated  green  hyponitric  •cid.-^ 
the  arc  o  p  consist.sof  iron  instead  of  platiinun,  the  current  takes  iIm»  «*«>• 
dii\<cti<>n  with  tlie   foUowuig  arrangementa :  g  •  zinc   or   leiul,  n 
vitriol,  h  ililuto  Buljihuric  acid; — g  i  copper,  a  j'oUow  sutjihide  of  [-  ;- 
wiun   or  stnmg  nitric  acid,  6  dilute  nitric  add  or  iodide  of  rr<f jv.^ na 
Tho  galvanic  action  of  the  lit^oid  ooDtainod  in  a  always  pn?dkJiuiiiAi«>- 
(FaiTwlay.) 


i».. 


,nf...       f,.,.l  t 


t»:r 


l"»ii 


'  V  'he  aac  of  App.  2,  obtained  e^ 

,  not  only  no<r*»rding  t«>  the  !:  vs  - 

iKiiuti>  (vf  the  motale.    Thi' ftcidtf  «uw-o  udi-  vt-r^- dtJuir 
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+  denotes  that  the  galvuuic  actiou  is  strongest  in  the  vobbcI  a,  —  tho 
Contrary;  +  dciiotca  that  the  ciuTcnit  takes  the  former  direction  at  first 
and  aftci'wards  the  tatter  ;  +  t!»e  i:ojitrary. 


In  Yesa«]. 
. * 


Zinc  with    ^"-*'«^f'**^Tmirith  Iron  with 
zinc  wiLb 


Sulphuric  acid  . . 
II  •  ■ 

If  • . 

Hydrochloric  acid 


Nitric  acid  . . . 
Ammouia  .... 

Pouuth 

Carbonate  of  Boda 
Common  salt. . . 


Borax. 


W»ter 

Sat-ammoaiiM; 

Iodide  of  potaaaium. 
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Water 

Sal-aoimoDiac 

Common  salt 

Iodide  of  potassium , 

Water 

Water 

Water 

Water 

Water 
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Tho  direction  of  the  current  varies  with  tlie  degree  of  concentration. 
With  zine  and  platinum,  hjdrucliloric  acid  ])rodn<X'S  a  etrungt^r  current 
than  iodide  of  potassium ;  but  with  dilute  acid  the  contrary  effect  ia 
observed.  With  zinc  and  cop[ier,  diUite  hydrochloric  acid  also  lias  tho 
l»reix>nderance  [bccauso  tiio  c*)pf>cr  takes  up  iodine].  Sulphuric  ixc\iX 
with  platinum  and  zinc  ia  overcome  by  iodide  of  fKjtassium  [Fararlay 
asHcrts  the  contrary]  ;  and  with  a  mixture  of  one  measiu-e  of  oil  of  vitriol 
and  two  uiea.sure«  of  water,  no  ciuTetit  is  produced.  (Poggendorff.) 

The  ai-c  o  p  consistinp  of  platinum,  the  arc  g  i  of  zinc,  and  the  two 
vessels  u,  6,  containing-  water — then,  if  from  any  inequalily  in  the  zinc 
plates,  a  feeble  cmrent  is  produced  proceeding'  from  a  tn  h^  this  current  is 
actually  Btreugthened  by  the  introduction  of  common  salt  into  b — although 
thi»  Bubstance,  by  increasing  the  chemical  action  in  ft,  might  be  exjn'Cti-d 
to  produce  an  opjKisite  current.  Nitric  acid  introduced  into  h  likewise 
Htrengthens  the  currciit  in  many  cases,  but  somotiuies  changea  its  direction. 
(Poggeiidorff.) 

\Vhen  the  veesela  «,  b  {App.  2)  contain  water,  and  o  p  consists  of 
platinum,  ^  1  of  zinc,  no  current  is  apjmrent,  even  on  heating  one  of  tha 
vessels  to  the  Iwiling  point,  although  the  chemica!  action  must  he  thereby 
increased:  but  the  adihtiuti  of  a  small  tjuanlity  of  acid  or  salt  to  the  water 
In  one  of  the  glasses  inmiediately  excites  a  curreiKt.  (Foggendorff.) 

If  the  cup  a  {App,  2)  he  divided  hito  two  parts  l>y  a  membranous 
diaphragm — the  left  hand  division  in  which  the  platinimi  arc  o  p  is  im- 
niersed  containing  nitric  acid,  while  the  right  hand  division  into  which  tho 
arc  ff  i  is  made  to  dip,  and  likemsc  the  cup  b,  are  tilled  with  a  mixture  of 
one  measure  of  oil  of  vitriol  and  three  measures  of  water — a  feeble  current 
is  excited  in  favour  of  the  cup  a;  but  the  ziuc  in  b  is  most  quickly 
dissolvod.  (Poggendai-ff.) 


408 


ELECTRICITY. 


b.  One  metctllic  arc  is  formed  entirety  of  om  metal^  the  othtr  are  halfofont  nktUiL 

and  half  of  the  other. 

Tho  arc  o  p  {App.  2)  consisting  of  platinum,  the  arc  g  i  half  of  cop|i'"' 
half  of  [ilatiiiuiu, — also  one  of  the  cups  containiug  oiJ  of  vitriol,  the  otii- ' 
uitrie  aeiti, —  the  defection  aniounts  to  only  5",  when  the  copper  in  iJaoi 
in  the  nitric  acid;  hut  to  4t>"  when  it  i<&  immersed  in  the  oil  of  \itriol— 
although  the  eolution  is  much  more  rapid  in  the  first  case  than  iu  tlr 
Beoond : — and  copper  with  jilatinum  irauiei-»ed  in  nitric  acid  aioue,  pro- 
duces a  deflection  of  90'  :  and  in  oil  of  vitriol  alnue,  a  deflection  of  W. 
Ill  coiiHequeueo  of  the  small  conductibility  [decoinjwjsibihtyj  of  the  <«1  of 
vitiiul,  the  electricity  dovelojx'd  by  the  cnpfwr  and  the  nitric  acid  bccumet 
iteutialized  directly  on  tlie  nictal.  (De  la  Kive.) 

The  arc  o  p  {App.  2)  and  y  couKisting  of  copper,  i  of  zinc, — or,  on  thdj 
ctmtrary,  op  and  (f  of  zinc,  and  i  of  copper, — and  the  cup  a  coDtainin^' 
Bpring  water,  b  acidulated  water,  or  the  contrary, — the  current  iB  of  the 
Bnme  strength  in  all  four  casc«:  it  diminishes  however  more  c|ujckly  wht-ii 
the  zinc  is  injnu'rsed  in  the  acidulated  water,  than  when  it  Lb  placed  iu  the 
Bpriug  water.  (Poggeudorff.) 


c.  Two  liquiih  and  three  Mdals. 

The  vessel  a  (App,  2)  containing  nitric  acid,  b  water,  and  tlio  air  o  p 
consiutuig  of  plutinuiti,  y  of  silver,  r  of  copper,  iioJi,  lead,  or  nine, — these 
hist  metals  are  positive,  although  they  are  much  less  attacked  thaa 
silver  in  the  nitric  acid.  (Marianini.) 

AdiUndum. 

Pohrs  Battery.  One  zinc  and  seven  copper  plates  are  separated  from 
one  another  by  seven  layers  of  a  m«iist  conductor  which  does  not  Hurrouiid 
them,  but  merely  touches  then-  surfaces.  {App.  22 ;  Z  =  zinc,  C  =  ot»pi.«.T, 
vi  =  moist  conductor.)  The  zinc  at  one  end  is  connected  by  a  metallic 
arc  with  the  copper,  No.  7,  at  the  opposite  end;  feimilarly,  C*  with  €•,  (? 
with  C*,  and  C*  with  C*.  An  electric  current  sensible  to  an  ixiter|x)iH?d 
calvanometer  gcves  through  all  the  arcs,  through  the  first  and  third  in  one 
dirci^tion,  through  the  second  and  fo^uth  in  the  opposite  direction.  Tl«« 
current  uj  the  tirst  arc  is  the  strongest,  tlmt  of  the  second  weaker,  and 
that  of  the  fourth  weakest  of  all.  (I'ohl.)  [The  zinc  in  coiinciCtion  willi 
C,  C*,  and  C  furnishes  an  example  of  the  case  of  two  metals  with  one 
liaujd  in  two  vessels,  described  on  page  403.  This  produces  a  cimrvnl 
which  goes  from  C  through  the  first  arc  to  ilie  zinc,  and  from  C  thn>agh 
the  second  arc  to  C*.  So  far  the  result  is  eafiily  explained  ;  bat  the  origin 
of  the  current  ui  tlie  tliird  and  fourth  arcs  is  not  yet  ascertain^] 
Compare  Henrici.  {Poijg.  53.  284,) 
PohCs  Contracted  I*He.  {Poffff.  50,  497.) 

iKflTUUXENTS   FOB  THE   PRODLCTION   Or   EleCTRIC    CcRKBKTS  BT   MKAKS  OT 

CuEWCAL  AcnoM. 

I.  tnttrumentt  contiiting  of  a  Simple  Galvanic  Circuit, 

WoUattoHM    Thimbu    Apparattu  (Gilb.    54.    1),— the    smallest    siiiif .. 
nlrftok)  dfvuit  <-apftble  of  igniting  a  metalhc  win\  is  tfaos  constructed. , 
A  copper  thimble  converted  by  rtinioval  of  the  bottom  into  •  cyl 
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ncil  at  hu\h  ends,  \s  beaten  flat — au  thut  tbe  opposite  sides  are  brought 

liiii  two  lilies  of  one  uiiolbi-r.  In  lliis  Hpnce,  u  zinc  p>late  not  quite  j  of 
an  iiicli  wide  is  fastened  witli  sealing  wax  in  sneb  a  manner  as  nowhere 
to  ennie  in  contact  with  the  tliinible.  To  the  upper  end  of  tbe  tliiinble  is 
Knl(l(.*red  a  looii  of  silver  wire.  A  [platinum  wbe  1  inch  long  and  ^'j^  of  an 
ineh  thick  is  noldered  to  the  u[>per  part  of  tbis  looj>,  and  thence,  canied  in 
a  slaiitui^^  direetion  towards  tbe  zinc.  Another  similar  wire  fastened  to 
tbe  zinc  plate  proeeede  in  a  direction  opposite  to  the  banner,  (be  two  wires 
being  fastened  into  glasa  bulbH,  and  running  parallel  to  one  another  bir  a 
certain  diHtaiico  with  a  very  umall  hiterval  betwtien  them.  Lastly  these 
two  wireH  arc  cfniiiected  together  in  the  middle  by  a  very  fine  wire  of 
platinum.  To  obtain  this  tine  wire,  a  platuium  wire  ,^  of  an  uich 
tliiek  in  surrounded  in  a  mould  with  a  bar  of  silver  J^  of  an  inch  thick,  'Die 
compound  wire  thus  btrmed  m  drawn  out  to  the  thickness  of  ^^  of  aa  inch  ;  a 
piece  of  it,  an  ineh  in  leiigtli,  is  bent  round,  and  the  bent  ]jart  imnuTHed 
in  nitric  acid — which,  by  diHuolvijig  tbe  fiilver,  exfxwes  a  platinum  wire  of 
Bucb  extreme  fineness  that  it  can  scarcely  bo  seen  by  the  naked  eye.  If 
now  the  ends  of  this  wue  still  retauiing  the  silver  be  drawn  tigbtly  over 
the  two  thick  platinum  wires,  Hohlered  to  tbem  with  zinc  and  sal-anunoniac, 
and  then  the  projecting  parts  cut  off,  the  two  thick  platinum  wires  will  be 
connected  by  means  of  a  wire  of  extreme  teumty.  On  immersing  this 
apimratiiB  nearly  up  to  ita  upjicr  rim  in  a  mixture  of  one  measure  of  oil  uf 
vitriol  and  50  of  water,  the  fine  wire — whose  length  must  not  exceed  fn>m 
tV  to  -^  of  an  uich — becomee  incandescent  and  remains  so  for  B(uiie 
eeconda.  [Tbe  negative  electricity  set  free  from  the  zinc  as  it  dissolves 
condrines  in  the  very  thin  wire — through  which  it  passea  with  difficulty — 
with  jujBitive  electricity  evolved  from  the  thimble] 

/hirers  Dejingrator  and  Cahrimotnr.  Large  continuous  surfaces  of  zinc 
on  the  one  band  and  cop|KT  tin  the  other,  placed  near  to  one  another  but 
not  in  contact,  arc  immersed  in  an  acid  Uqiud.  If  the  copper  and  zinc  bo 
then  oouneeted  by  a  thick  metallic  wire,  positive  electricity  goea  from  the 
copper  to  tbe  zinc,  and  negative  electricity  from  tbe  zinc  to  the  copjKT,  in 
very  large  quantity — so  tliat  connecting  wires,  even  of  some  thickness 
are  beated  and  fused,  and  a  piece  of  charcoal  placed  between  the 
ends  is  brought  into  a  state  of  \nvid  iucaudeseenoe.  But  the  tension 
of  the  current  is  as  low  as  when  a  small  pau"  of  plates  is  used. 
Hence  when  the  counectiou  between  the  copfjor  and  zinc  is  formed  by 
means  of  imi)crfect  cfjnductors,  auch  as  liquids,  the  current  m  nearly 
stopped. 

Of  the  Defhitp-aior  there  are  two  forms:  1.  A  zinc  plate,  (1  inches 
broad  and  9  inches  long,  and  a  copjxT  plate,  G  inches  iiroad  and  14  mcbea 
long,  are  rolled  up  togetber  into  a  cyUnder  2|  inches  in  diameter,  in  such 
a  manner  tliat  they  never  come  into  actual  contact,  but  remain  at  the 
distance  of  a  quarter  of  an  inch  from  one  another, — the  last  coil  of  the 
Kinc  being  completely  surrounded  by  the  copper.  All  the  copper  plates 
of  eighty  such  rolL^  are  united  by  B<iidering  with  a  single  metallic  rod,  and 
thus  connected  with  each  other ;  a  sinular  connection  is  made  between  all 
the  zinc  plates.  When  these  rolls,  susiiendcd  by  a  lever,  are  simulta- 
neously immersed  in  eighty  cylindrical  glasses  filled  with  dilute  acid,  and 
the  two  metallic  rods  connected  by  a  platimun  wii'o  J  inch  thick,  the 
wire  is  instantly  melted,  ('opper  and  mercury  are  burnt.  A  leaden  tultc 
being  soldered  bi  the  extremity  of  the  wire  proceeding  from  the  copjKT, 
and  a  pointed  piece  of  charcoal  fixed  hit(j  the  tube — then,  on  bringing  this 
piece  of  charcoal  near  ODOther  piece  similarly  fitted  to  the  -Anc  side,  or 
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acar  •  idBtamn  wire  i  inch  tfakfc, 

i,  Tw»  hmAcii  «ni  ic  phhw,  i 

aie  phecd  tt  2So  nac  ixtpper  ( 
'of  these  pain  aae  knng^ OM a aapHiiB  bar  of 

■nirii..  la  ti>ia  — may  50  caaper  maea  age  united  iato  oor  ^ 
VnA^  ea^  of  the  5  BaaioawUa  bats  »  fJa i  lU  d  a  troagK  IMi 
add.     Afl  5  tnmgha  aia  phaed  an  a  eniMMm  ff»^|>|rm  t,  wfci*4 1 
let  1^ and dowA— ao dbttr OB  naanif  tlia tn^igba,  tkel^aid aiatij 

nil  ike  apace   iMtveea  tte  siaa  aad  empeE^      The  i*f»^  pi 
ifejtUa  lyiiMalaa  ne  aJmilar  to  thoae  of  the  anmagvawat  ^  ^1 
r  even  ■ftEsager. 

face  of  19  aooaxe  inrlwa,  HeMned  ahemafajj  and  pefpendaSriyai 
fraae:  altaecopfKrilBiwaae  aoUeved  ta  oae  oomnKm  bar^anial^ 
niG  pktca  to  anoCher.  Tha  iHula  is  lauaeiwsd  m  a  Kioa^  AM  «iA 
add,  and  the  eopfer  eoamatfid  with  the  zinc  b^r  m  oandoctar.  Tba  if 
pacataa  prodaeee  aaoakr  baft  less  powerful  eflecta.  With  6t)m60t»tf| 
cofipar  and  aa  autaj  zxoc  plates,  phtiTiniii  wire  majr  be  f iMed,  Ac 
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I.  r*<  Simplt  Circuit$  eontiatiny  o/tteo  Mttals  and  erne  or  two 

When  two  metala  «,  f,  are  connected  wiUi  a  fluid  with  wUci  , 
form  a  Kimple  gatvaoic  dicnit,  m  the  iollowiDir  order  :  m^t,  mft,  ■  j 
&c^  tlic  following  effects  are  prodacad. 

1.  In  the  ontennost  m  on  the  left,  and  the  ontonaoaft  t  aa  thai 
examination  with    the  electrometer  (not  the  galranooieter)  ahov 
paaoBoe  of  a  quantity  of  free  positive  and  free  negative  electricitT« 
mcrcaaea  with  the  number  of  aimple  circuitii  united  : — indt!«d,  the 
oloctridty  appears  to  increase  in  direct  proportion  to  the  nmubur  of  daf^ 
drcnits. 

2.  >M)on  one  of  the  external  pieces  nf  metal  is  connctrtcd  with  t)« 
ground,  and  its  free  electricity  thereby  remoTcd,  the  quantity  ol  tho  ^ 
IKrtrite  free  electridty  in  the  other  external  piece  of  nictal  is  doubled. 

3.  When  the  two  oatside  {neces  of  metal  are  connected  by  mram  d 
a  good  c/^>nduclor — «.  g,  a  wire — and  the  op«i  drcuk  thereby  converted  ■!• 

a  cloted  circuit,  the  deflection  of  a  magnetic  needle  in  the  noiir** '-  v-H  rf 

the  wire  is  very  little,  if  at  all^  greater  than  that  wliich  woul  ■'  :  ,i^  ■  i 

by  a  simple  circuit  consisting  of  the  same  elements, — proviUcu  tuai,  in  thp 
InttiT  cMUP.f  the  connecting  wire  is  thick  enough  to  afford  free  paaaaM  to 
electridty  of  Hmall  tension. 

4.  but  the  tension  of  the  current  increases  with  the  numbes-  of  sfaiH 
pic  drcuits  connoct«.Ml  together;  and  hence,  the  current  generated  by  a 
0Oin|)0und  dreiiit  c.!aii  i>ufis,  with  little  or  no  diminutiou  of  strangdv 
throii:  '    '         u'iri-H  and  im|)erfect  conductors,  by  which  the  cnrpoBt  <d 

niiii  1  would  lie  j^reatly  enfeebled,  or  even  completely  aneatcd. 

V  lulc  the  drcuit  Ih  dosetl,  tlic  contiguous  pieces  of  metal  i;  m, 
iti'd,  mill  tht'ii  e(»iiiic'Cte<l  l)y  a  wire,  an  r-l(>ctric  curreut  wiD 
|b  ovcry  itucb  win;,  of  the  suna'  quantity  and  tcnsiim  as  that 
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jses  through  tlie  metallic  arc  connecting  tlie  two  ontcrmoat  pieces  of 
aictal, 
H»      [CVrc'wiV  opfn:  If  two  pairH  »if  motallic  platcB — p.  f}.  r»f  zinc  and  coppor — 
Ikre  {ituwil  in  two  cupH  nr  ct'lls  <«.  b  {App.  2:1  )>  fiih'd  with   liic  siime  Utini<!, 
jUt'iibihilod  water  fnr  in^turn.v,  C  Iwiiij^  cuinccttd  wttli  Z*  by  a  wiio  ij  i, 
l^bnt  Z'  nut  eojiin-cted  with  V  by  ihe  vr'ux'  o  p, — the  nepvtivc  eicctncity  set 
M^ree  by  the  oxidation  of  Z*  may  iriilewl  puss  over  to  (■',  and  thencx;  to  tiie 
5^iy«lrogoii  Kct  frve  by  Z' : — but  tiirue  llic  negative  i-Ieetneity  set  free  in  Z* 
f.  ImH  nil  nther  way  of  escaping  than  by  pussiiig  tn  the  hydjogcn  of  tlio 
^  cell  'J,  and  tlu;  hydrogen  liberated  in  the  cell  b  oui  only  recei^'c  itK  negative 
1^  eleciricity  from  Z*: — scarcely  anything  but  pure   cliemical  action  takes 
^  place,  and  tlio  hydnvgen  i8  evolved  on  the  tw«»  zinc  plates.     But  just  an 
m  the  nnelosed  simple  circuit  (p.  312  c),  so  likewise  in  this  case,  a  feeble 
^  electro-chemicsJ  action  takes  ]ilac4>  :  for,  in  consequence  of  the  difficulty 
A   ■which  the  negative  electricity  linds  m  passing  frttni  the  zinc  to  the  hydni- 
.     gfn,  a  Bniall  i|natitity  of  negative  electricity — which  may  bo  called  one 
,      negative  iKn1i<in — reniainn  in  Z'  and  Z'.     The  small  quantity  of  hydrogen 
which  does  not  receive  frrtni  the  zinc  the  quantity  of  negative  electricity 
^      Ix'liitiging  to  it,  either  takes  it  from  the  caU>ric  of  the  liquid  and  lil>eratc8 
ponitive  electricity,  which  pasBCB  over  to  C  and  C, — or  it  is  conveyed  by 
tranK[iositioii   from  '/}  to  C,  and  from  Z'  to  C,  taking  up  negative  elec- 
tricity in  iMith  these  platcw,  and  liberating  pnsitive  elertricity  (r<nc  positive 
p<irtio!i  (n)  ui  each  plate).     The  jK)Bitive  portiou  ui  C  immcLiiately  miitea 
witli  the  iiegivtivf  i«>rlioM  in  Z'  U>  fnnu   caloric  (fi);   and  huicc  to  the 
negative  portion  in  Z',  there  m  no  longer  o|>]to.scd  any  ]N)sitivc  jiortioii  in 
C\  nor  any  negative  ])orti<in  in  Z"  to  tlii"  p<isitive  porti(«i  in  C»  and  conse- 
quently   the  electrical  (.liffercncc    is    reduced  one    half, — it  f<iUow6    that 
2  negiitivu  portions  cau  accumulate  in  Z",  and  2  positive  portions  in  C\  till 
the  tendency  of  the  two  ck-ctricities  to   condjine  prevents  their  further 
accunuilation.     Ujion  this,  a  second  positive  jMirtion  passes  into  C  and  a 
Bccond  negative  iKU-tion  to  Z*  {'■/) ;  but  these  jKations  again  neutralize  f)ne 
another  (r).     V\'herca«,  therefore,  in  the  simple  galvanic  circuit,  the  zinc 
contahis   one  negative  portion  and   tlie  copper  one  j>oBitive  portion  of 
free  electricity, — ui   the  two  pair  circuit,    on   the   other  hand,    Z'   ctm- 
tainH  2  negative  jwirtion.H  and  V*  2  positive  |x>rtions,  while  f  anil  Z*  are 
neutral.     This  accumulation  of  a  doviblc  quantity  of  negative  electricity 
in  Z'  and  of  positive  electricity  in  C*,  produces  a  twofold  electrical  tension. 
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When  three  Himyile  circuits  arc  united  (A/yp.  24),  one  positive  |x>rtion 
fnmi  C  is  neutralized  by  one  negative'  jxirtion  froni  Z',  and  siiailarl^-,  una 
pisitive  [lortion  from  (.^  by  tme  negative  portion  from  Z'  («,  /J):  and  mux 
IhcBc  4  plates  arc  tlierejiy  rcndt-red  neutral,  a  8c>cond  negative  portion 
Ciui  accumulate  in  Z'  and  a  secitiid  positive  portiou  in  C— whcreuiMJU  the 
portions  developt^d  in  the  4  middle  plates  again  neutralize  one  another, 
(7,  I),  But  thirdly,  2  negative  portions  accumulate  in  Z',  half  of  whicli  is 
communtcated  to  C,  and  2  positive  portions  in  C*,  half  of  which  is 
oommuuicated  to  7J  {c,  f).  liuice  now  ZS  wliich  already  contains  2 
negative  pi»rlions,  is  opposed  to  C\  with  one  negative  portion,  a  third 
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negative  portion  can  accuinukto  in  Z',  until  tin;  maxinuim  is  attAinvd : 
—  and  ill  the  siirne  nniiHUT,  3  positive  portiouB  axjctimulate  in  C*, 
which  is  opposed  to  Z',  containing  one  pjsitivc  ix)rtioii  (7).  Lastly*, 
th»'  jwirtiutiH  in  C  and  Z*,  and  tliose  in  C*  and  Z*,  disLribute   themsdvei 
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imifoiinly  (&). 
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According'  to  this,  the  poiiiona  of  electricity  are  distributed  as  follows 
iu  an  unclosed  circmt: — Simple  Circuit:— Z — ,  C +.  Two-pair  Circuit: 
Z»  2 - ,  C  0,  Z»  0,  C»  2  +.  Thrc.-}.air Circuit :  Z'  3-,  C  -,  Z«  -,  C*  +, 
Z*  +,  C»  3  +  .  Four-pair  Circuit :  Z'  4-,  C'2-,  Z»  2-,  C*  0,  Z»  0»  C»2+, 
Z*  2  +,  C*  4  +  .  Five-pair  Circuit :  Z'  5  -,  C  3-,  Z»  3-,  C-,  Z»— ,  0»+, 
Z*-J-,  C*  3  +  ,  Z*  3  +  ,  C*  5  +,  and  so  on.  llencc  the  quantities  of  elec- 
tricity accumulated  in  the  temiinal  plates,  —  aud,  therefore,  also  the 
electrical  teiiBiona  of  the  poles,  —  increase  in  direct  proportion  to  tbo 
number  of  plates. 

Wlieii  tmo  of  the  terminal  plates  is  connected  with  the  ground,  e.  jf, 
C  nf  the  double  circuit  (App.  23),  and  the  two  jxirtioiis  of  positive  elec- 
tricity thereby  conducted  away,  a  frcsb  accumulation  of  electricity  takes 
place  in  the  opposite  termiiial  plate  to  tlie  Hunie  amount  as  before,  making 
in  all  4  nej^ative  portionH.  For  Hince  C*  ia  neutral,  2  negative  portions 
can  act^tumulate  in  Z*,  till  tlie  maximum  of  tcnuion  is  attained,  aiid  simi- 
larly in  C\  which  iis  connected  with  it ;  bO  that  Z*  opposite  to  C  can  now 
retjiin  4  negative  portions.  In  the  same  mauner,  4  positive  portions 
accumulate  in  C  when  the  electricity  of  Z'  is  ojndncted  away.  Ovne- 
rally  j  whatever  may  be  the  number  of  pairs  in  the  battery,  the  eluctriod 
tension  of  either  [>ole  is  doubled  when  the  electricity  accumulated  iu  the 
other  |M)le  is  conducted  away.] 

\_Circuit  closed :  As  soon  as  Z'  is  connected  with  C*  {App.  28)  by  a 
metallic  arc  0  p,  electro-chemical  action  is  enabled  to  proceed  on  an 
extended  scale.  The  negative  electricity  devolofX'd  by  the  oxidation  of  7} 
gTWS  through  o  p  in  C,  and  thence  to  the  liydrugen,  liberated  by  Z*  from 
the  water  iu  cell  ft.  The  negative  electricity  evolved  at  the  same  time 
from  Z*  passes  through  C  to  the  hydrogen  which  is  transferred  from  7} 
to  C.  Hereupon,  negative  electricity  goes  from  0  in  p  aud  from  1  to  j, — 
nr,  what  comes  to  the  same  thing,  positive  electricity  goes  fromp  to  0  and 
from  g  to  u 

The  quantities  of  electricity  flowing  through  0  p  and  ff  1  are  oqnal : 
the  galvanometer  shows  the  same  dclioction,  whether  it  is  interposed 
between  o  p  or  g  i.  This  is  in  accordance  with  the  fact,  that  the  ipiautity 
of  hydrogen  gas  evolved  on  C*  is  the  same  as  that  on  C*.  Supjiose,  fJr 
example,  that  the  electro-chemical  action  were  stronger  on  Z'  than  on  Z*: 
the  quantity  of  ne^tive  electricity  transmitted  from  Z'  to  C*  woiil«l  then 
be  more  than  suffiaent  to  saturate  the  hydrogen  gas  then^  evolve<l,  while 
Z*  would  give  to  C  a  quantity  of  negative  ek^tricity  less  thmi  that 
required  by  the  hydrogen  evolved  on  C.  Uenoe  the  electro-chemical 
actions  in  the  two  cells  control  ouc  another  in  such  a  mauner,  that  e«|UAl 
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qvumtities  of  electricity  paas  tlimngh  tlii'  two  metallic  arcn,  ami  i>qniil 
vcflunu'H  of  hydrogen  gas  are  irvnlvtHl  on  tht*  two  copier  pliitea.  If  tin* 
chemical  action  in  one  cell  Ijocptnee  stronger  than  that  in  the*  uthcr,  tho 
ex  WHS  takes  the  purely  chemical  form,  and  the  aupcrabmidant  hydrugeu 
is  all  evolved  upon  the  xiric. 

The  cuiTcnt  which  |>a88efl  from  o  to  />  in  a  two-pair  circuit  is  not 
greatt-r  in  quantity  than  that  which  traversce  the  connectinj;^  wire  of  a 
Bimple  circuit ;  provided  that  the  quantity  of  zinc  disgnlved  off  the  zinc 
plate  of  the  latter  in  a  given  time  in  equal  to  that  dissolved  from  each  zinc 
plate  of  the  two-pair  cironit,  and  that  no  purely  chemical  action  takes 
place  in  either  case  (aa  when  nraalgfimated  zinc  ia  used); — or  else  that  in 
Itdth  caseH  the  quantity  of  pure  chemical  action  bears  the  same  jjnqjtirtiun 
to  that  of  the  electm-cheniical  action.  For  the  negative  electricity  which 
in  tho  two-pair  battery  nins  through  o  p,  proceeds,  not  fnitn  both  idnc 
plates,  but  only  from  Z' ;  and  if  no  more  <*f  this  plate  bo  nxidized  in  a 
given  time  than  of  the  zinc  plate  of  a  single  pair,  the  quantity  of  negative 
cleehicity  developed  in  the  fomver  case  will  Ukewise  not  be  greater  than 
that  devehi|K.'d  in  the  latter.  The  negative  electricity  evolved  fioni  Z* 
merely  passes  through  the  arc  y  i  and  is  absorbed  at  G*  by  the  liydrogen. 
Similarly,  with  batteries  consisting  of  several  pairs; — bo  many  pairs,  so 
many  Hejiarate  currents. 

If  the  circTiit  be  oj^R'ned  at  g  i  while  it  remains  closed  at  op,  C  and  Z* 
Ixfctiine  tlie  poles.  If,  therefore,  in  a  bjittery  conBLsting  of  several  pairs, 
and  having  its  ends  nietallicaUy  conivecte*!,  any  zinc  pbte  be  separated 
from  the  copper  plate  with  which  it  is  associated,  those  two  plates  become 
the  |W)le«. 

Tfie  quantity  of  cleclricity  in  the  current  may  however  be  increased 
by  augmenting  the  nundier  of  pairs,  if  the  eleetro-chenucal  action  in  the 
individual  pairs  is  acconqianit-d  by  pure  chemical  action.  For,  the  greater 
tension  or  velocity  of  the  current  jiroduced  by  several  pairs  causes  I  ho 
pure  eheniicAl  action  to  diminish  and  the  electro-chemical  action  to 
increase.  But  this  increase  of  quantity  can  only  rise  to  tho  maximum  at 
which  the  action  Ix-conies  wholly  electro-chemical — and  oonaequently,  all 
the  negative  electricity  of  the  zinc  passes  to  the  hydi'ogeu  through  the 
other  tnetal. 

It  ajjiiears  then  that  the  anion  of  several  pairs  in  a  batteiy  increases 
the  tension  of  the  electric  current  in  direct  proportion  to  the  number  nf 
imirs, — and  likewise  augments  tlie  ijuaiitity  to  a  certain  extent  in  those 
cases  in  whicli  a  cousidei-able  quantity  »>f  the  negative  electricity  of  tho 
zinc  in  the  simple  circuit  is  witudrawu  from  the  current  by  pure  chemical 
action. 

Wc  nray  conclude  then  that  the  Quantitj/  of  the  electric  current  of  a 
galvanic  battery  depends:  1.  On  the  stivngth  of  the  electro-chemical 
action  in  the  indiAidual  simple  circuits  of  which  the  b.ittery  is  composed — 
principally  tlierefore  on  tiic  circmnstances  considered  (pp.  376. ...381.) 
2.  On  the  riumher  of  pairs — because  as  that  number  is  increased,  pure 
chemical  Jiction  is  more  and  more  prevented. 

The  Irtwnon  depends  :  1.  On  the  tension  of  a  simple  circuit :  and 
2.  On  the  inmilicr  of  simple  circuits  conjoined. 

Acc(>rding  to  the  view  just  laid  down,  a  galvanic  batterj'  of  zinc  and 
copper  with  lluid,  should  l»e  constructed  in  the  following  order :  Z/C, 
Z/C,  Z/C,  &c. ;  and  at^trdingly,  tho  zinc  |)ole  is  negative  and  the  citpjer 
positive,  as  in  the  simple  circuit.  But  according  to  the  contact  theorj', 
whicli  regards  the  contact  of  tlie  two  metals  as  the  principal  source  of  the 
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electricity,  tlio  Ixittery  sliotild  bo  ttrratifr<d  aa  follows,  C  Zy;  C  Z/,  C  Z/, 
&c.  In  this  an-unf!:i.-nien!t,  the  C4ipfM?r  pnlo  on  the  loft  is  iic^tive  niic!  Umj 
zinc  pnh.'!  oil  tho  lij^lil  positive.  Ik'na-,  tl(^'  I'Xpresttioiis,  coppfr  f*oU  'm»UH>A 
<if  nr-jrativc  pole — and  zinc  /wle  instt'jul  of  jxisitive  iX)lo,  are  of  frequi-ul 
occumHict!.  But  accuiding^  to  tlie  cUfiiiit.'al  tfinoiy,  the  ontermost  c<>pf«'r 
mi  tJK"  U'ft  and  tliLt  nnU'iinost  zinc  on  tlio  right  are  altog-othei*  without 
influence  on  the  force  of  the  batt<?ry  :  and  if  these  two  external  mem 
are  removed,  the  firet  uieutioaed  arrangement  remains  behind-J 

Ohnis  Formuhey  relating  to  the  Quantity/  of  tfte  Electric  Current. 

1.  For  a  conductor  ifUo  whosd  extremities  the  two  electricities  fioto  wUh  a  gamj 

tension : 

Let  A  be  the  clectrieal  tension  ;  K  the  ci inducting  pnwcr   of  tho 
or  other  eonductor;  w  the  surface  of  its  transverse  scctiou  ;  L  its  leiigtL: 
il  till!  iiuautity  of  the  current,  then 

^        A  K  w 

(4  = =-; 


lienor  the  quantity  of  the  entcruig  electricities  which  pass  throng 
the  wire  in  a  g-iven  time,  varies  <lireetly  as  the  tension  of  the  elect riHtii*, 
the  eouducting'  powt.*r  and  thicknoss  of  the  conductor, — and  inversely  as  >ta 
length,  ilence  also,  the  <piaiitity  of  the  current  in  two  couductorn  18  the 
same,  wlu-n,  with  eipuil  electrical  tension  and  ct>udueting-  power,  the 
ratio  of  the  tri»n«ver8e  8ectioii  to  the  length  is  the  same  in  both  ;  or,  with 
equal  tortsion  and  eipin!  transverse  section,  the  ratio  of  the  ct»n«luctin<r 
power  to  the  length  in  the  same  ;  or,  with  etinal  eoiiducting  power  and 
equal  transverae  section,  the  ratio  of  the  tension  to  the  leug^th  \m  tlic 
same. 

2/  For  a  simple  Galvarac  circuit. 

Let  A  be  the  electromotive  fjowcr  of  the  circuit  (or  the  tension  tV 
R  tlie  rc'siRtance  which  the  current  meets  with  in  the  circuit  itself.  ThM 
is  tbe  rewilUuit  of  the  folluiviiig  ijnljvidual  roKistanees  : — a.  Ke8it<tan»*  of 
the  two  metallic  platea  wliicli  the  eniTent  ban  to  traverse ; — h.  RoRislaiicc 
of  the  liiitud  through  which,  according  to  the  ordinary  view,  tiie  eunvut 
passes  [according  to  p.  343,  /,  thin  is  the  resistance  which  the  liquid 
opi>ofteH  t<i  the  tmnfiposition  of  atoms].  To  thiK(Fechner  and  Pogp-ndorff 
addf):  the  resistance  of  tninaitioii,—i.  «•.  the  resiHfaiiee  which  exists  t« 
the  passage  of  the  electric  current  from  the  metid  to  the  liquid,  and  con- 
versely. 

vMso,  let  r  Ix;  the  reBistanoc  of  the  conductor  wliich  utitiee  the  two 
metids,  aud  Q  the  quantity  of  the  electric  current  which  catont  it ;  then 
A 
Q  =  ]^  ,  y ;    therefore  A  =  Q  (R  +  r) 

3.  For  the  Galvanic  Battery, 
n  denoting  the  number  of  united  simple  circuits, 


^Vhen  the  rcsistauoe  r 


nil  +  r 
of  the  conductor  which  closes  Uio  drcidi 
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inconsiderable  in  compafisoii  with  the  resistanco  R  in  the  individual  cir- 
fuits,  it  nearly  vaniahus  in  the  formula,  and  there  remains 

^  ^  TTR      =     -R 

tliat  m  tn  «ay :  tlie  qntmtity  nf  the  current  is  the  eame,  whether  it  pro- 
ceeds from  one  (lair  *«r  from  sevi.-ral. 

But  if  the  reKii=!t!ine«"  of  the  cotidnctcir  which  cUiwh  the  cireuit  is  eon- 
Bidorable — e.ff.,  from  the  interposition  of  water,  &e.— then,  Q  increases 

coiiBidorably  with  the  number  of  pairs — because  then  ^J     -     gives  a  much 

smatlcr  quotient  than     ,"  ^ — 
*  B  R  +  r 

The  development  of  tliis  subject  may  be  found  in  Ohm'H  Memou's 
already  cilcd  oji  page  307  ;  likewise  in  Ohm's  Galnniixrhe  Kelte,  Herlin, 
1H27;  Keihiier,  Mii<utsbejflimman</eii  dtr  t/alranvicficH  Kdte,  Leipzig,  lb31  ; 
Pouiilct  {Pwfg.  42,  281) ;  Hcurici  {Pogg.  53,  277). 

Qiutntiti/  oftht  Electric  Current  of  a  GaUantc  Battery, 

With  amalgamated  zinc  atui  |tlntiijunj  in  dihite  sul|»!iuric  add,  the 
quantity  of  the  current  is  not  iticrcasetl  by  augmenting  the  number  of 
jittirH.  One  pair,  by  the  oxidation  of  one  atom  of  zinc — prrjvided  the 
connecting  wire  be  thick  enough  tu  transmit  the  feeble  current  without 
diminution — supplies  a«  qiiieh  electricity  in  the  form  of  a  current,  as  lOUO 
pairs  would  Kupply  by  the  ftxidaiion  of  lUUO  atumn  of  zinc.  In  all  the 
C4'll»,  efjUaJ  qujintitiert  of  water  are  dceonipiscd  and  eipiivalent  (jnantitiefl 
of  zinc  dissolved,  viz.  32*5  jiarts  (1  At.)  of  zinc,  to  1  part  (1  At.)  uf 
hydrogen  gas  evolved.     (Faraday.) 

A  nuinlM'r  of  pairs  does  nut  produce  a  stronger  deflection  of  the  gal- 
vanometer than  a  Buigle  f«ur ;  one  pair  acts  more,  another  less  Btrongly. 
The  sum  of  the  cffectH  [quantities]  of  the  single  ^'•atrs  divided  by  the 
number  of  pairs  gives  the  effect  [iniantity]  of  the  pile:  hence,  a  larger 
pair  added  to  a  numlx'r  of  Bmallcr  pairs  increases  the  action, — a  smaller 
pair  diminishes  it.     (Marinnini.) 

Even  though  the  several  i)air8,  from  differences  in  extent  of  surface  or 
in  the  nature  of  the  liquid,  shoulil  individually  produce  dinv-reut  quantities 
of  electricity, — still,  all  the  currents  w^hich  pass  from  the  electro-negative 
to  the  electro-poBitive  niettils  of  the  several  pairs,  after  the  union  of  these 
pairs,  are  matheinatiiudly  equal.  The  quantity  of  electricity  in  the  current 
of  a  battery  is  greater  than  that  of  the  weakest  pair  taken  singly, — 
because,  when  this  pair  is  joined  to  the  battt'ry,  no  more  pure  cheuiicul 
action  takes  jilacc  in  it.  A  very  feeble  ])air  is  to  be  rcfjardud  only  as  an 
intcrpised  plate  {rid.  sen.)  which  weakens  the  curn-nt ;  and  tlie  quantity 
of  the  current  remains  the  same,  even  when  the  weak  pah"  is  introduced 
in  the  reverse  order.     (Dc  la  Rive.) 

The  quantity  of  the  current  of  a  pile  charged  with  dilute  sulphuric  acid 
is  vei-y  much  (hminished,  when  this  pile  is  united  in  the  proper  order  with 
another  containing  oidy  water.     (SehoidK-in.) 

If  10  pairs  of  amalgamated  zinc  plates  and  platinum  plates  are  sepa- 
rately immersed  in  dilute  stdplnmc  acid,  different  quantities  of  hydrogi«n 
gas  are  evolved  in  a  given  time  (m  the  surfaces  of  the  several  ])latinurii 
plates,  the  variation  amounting  to  about  |  of  the  wiuile.  But  when  all 
the  10  luiirs  are  united  into  n  battery,  the  quautity  of  gas  evolved  on 
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each  platinum  plate  is  the  same,  and  equal  to  that  which  was  beforo 
evolved  on  the  pbtiiiuni  plate  of  the  weakest  pair.  If  the  rings  of  all  the 
zinc  atid  |ilatiiinni  jilatoH  are  immersed  in  a  vessel  filled  with  mercury,  the 
develiipnient  of  gas  on  the  platinum  plates  again  becomes  as  unequal  as 
in  tli4'  firtit  case.  If  every  twi*  zinc  i>!uti,'ti  be  connected  writh  every  two 
platinum  plates,  and  the  5  double  pairs  united  into  a  battery,  the  ovoln- 
tjon  of  |j^H  i«  the  same  in  all  the  cells.  When  8  pairs  are  left  simple, 
and  connected  with  one  double  pair  t^i  form  a  battery,  the  quantity  of  g«s 
evolved  on  the  two  platiunm  plates  of  the  double  pair  taken  tog-ether^« 
not  greater  titan  tliat  evolved  on  eiich  platinum  plate  of  tlic  sing^le  p|^^| 
When  each  of  tlie  10  zinc  ]i!ates  in  placed  between  two  platinum  puwiP 
the  evolution  of  g-as  on  each  double  plate  Ih  increased  nearly  two-folJ ; 
and  part  of  the  gas  Ukewi.sc  cisca|)es  on  that  smface  of  the  platinum  wlaicli 
is  turned  away  from  the  zinc.  When  ujiamalganiated  zinc  is  used,  a  great 
deal  of  hydrogen  gas  is  evolved  upon  its  surface  ;  hut  the  quantity  evolved 
on  the  piatiiium  is  the  same  as  when  the  Kiiic  is  amalgamated :  hence  tht? 
loc^l  [pun!  chemitml]  actiou  does  not  interfere  with  the  force  ol  the 
current.     (T)anicll.) 

If  several  pairs  of  amalgamated  zdao  and  platinum  in  dilute  snlphnric 
acid  are  united  into  a  battery,  and  the  polar  win-s  dip|>i^d  into  dilute  sul- 
phuric acid,  the  quantity  of  hydrogen  gas  evolved  in  ciufh  exdting  cell  of 
the  battery  is  exactly  tbe  same  as  tliat  wet  free  in  the  decornpiisin^  ceil. 
When  the  circuit  is  inqierfectly  c!<ised  by  the  interposition  of  a  long  tliin 
wire  or  a  liquid  conductor,  the  (piantity  tif  gas  evolved  in  all  the  cells  is 
diniinislied,  but  is  the  same  in  all ;  the  greater  the  uund)er  of  (tairs,  the 
less  does  this  diminntion  in  the  quantity  of  hydrogen  gas  amount  to, 
(Matteucci.) 

Twenty  pairs  of  zinc  and  copper  give  the  same  deflection  of  20'  as  one 
pair,  when  the  circuit  is  closed  bj'  a  wire  of  sufficient  thickness.  But 
when  the  cuiTcnt  ia  cornhictcd  from  the  j^h)1ch  through  a  stratum  of  water, 
the  deflection  with  one  pair  amounts  to  10%  with  5  pairs  to  15*3 ''i  and 
with  20  iKiirs  to  19°.     (IJufy.) 

(.)ne  pair  of  plates  gives  the  s.tmo  deflection,  whether  the  metals 
separated  by  one  or  five  pieces  of  cloth  saturated  with  liquid ;  hut  w 
several  pairs  are  united,  the  deflection  diminishes  as  the  thickness  of 
cloth  is  increased.  Thi^  diminution  is  less  however  in  projKirtiou  as 
liipiid  conflncts  IwHter  [»".  r.,  exerts  clieniical  actittti.]     Mariauini. 

The  fnUovving  esperiments  by  BiiLks  were  made  with  amalgi 
zitu'  filates  and  [ilatinimi  plates  of  equid  sisH.'  in  dilute  sulphnrii'  acid. 

The  quantity  of  zinc  dissolved  in   a  given  time  diminishes   as 
nunilx'r  of  plates  is  increased,   in   the   following   pmpirtion— tbo 
number  denoting  the  nnmbcr  of  pairs  of  plates,  the  second  tiie  loss 
zmc :  1  :  5-7,— 2  :  8*9 ;— 4  :  3-8,— 8  :  8'8,— 16  :  S'4,— 32  :  3-6. — 10 :  3-8^— 
48  ;  2-7. 

A  similar  diminution  takes  phvce  in  the  quantity  of  hydrogen  g%a 
evolved,  when  tw<i  |>airs  of  imeipial  surface  are  united:  a  d'- •^*  •  'he 
surfiH^e  of  each  of  the  pairs  of  the  plates,  b  the  quantity  of  h;>  ■  .\4 

which  each  would  have  develoiM?d  by  itself,  c  the  quantity  ovMUvdiuicf 
their  vmion : 


« 

b 

c 

a 

b 

c 

a 

b 

e 

a 

6 

c 

a 

b 

t 

1 

0-8 

0-4 

1 

a 

24 

1 

8-2 

4-4 

1 

1-4 

2-0 

I 

OS 

18 

1 

0-8 

0-4 

8 

7-4 

2-4 

6 

l«0 

4-4 

9 

12-0 

38 

18 

lS-8 

W 

Sum 


1 •«    0-8 


B-S     48 


19-2    8-a 


18  4  s-a 
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It  is  remarkable  that  when  the  siirfacos  of  the  two  [laira  of  plates  are 
very  unequal,  the  quantity  of  bydrngen  e\'f»lved  on  the  copptT  of  the 
lnr>;;er  pair  is  greater  than  that  evolved  nn  the  copjwr  of  the  smaller. 
(Bijiks.) 

Tlie  electric  current  of  a  battei"y  ceases  wlien  tlie  whole  is  cooled  to 
—  IH''  [ill  consequence  of  tlic  fretrziii^  of  tlie  liquid  ?]  ;  it  inoreasen  with 
the  temperature,  but  eeasM?3  again  at  100%  and  reconimenceH  with  violence 
on  eubsequent  cooling'.  It  is  however  considerahly  increased  by  heating^ 
only  half  of  the  battery  to  lOO'  (DeKsaignes,  Ann.  Vhim.  Ph/s.  2A,  203 J, 
■ — [this  defler\'ea  verification]. — A  battery  wliich  at  15"  gives  a  current, 
capable,  when  conducted  through  a  watery  liquid,  of  disengaging  22^ 
ineahjures  of  hydrogen  gjis  in  a  given  time,  yields  Wi  measures  in  the  same 
time,  when  heated  to  52".  (Dcspret/,,  GUb.  72,  BlU.) 

When  the  eurriMit  of  a  trnugh  battery  hiis  ditninished,  it  may  be 
increased  almost  donl»le  by  stirring  the  acid  hquid  between  the  snnc  and 
copper  plates  with  a  feather.  (Faraday.) 


Electrical    Tension   of  the   Batter//. 

The  tension  of  the  unclosed  circuity  as  determined  by  the  electrometer, 
increases  directly  as  the  nnniher  itf  pairs.  (V<illu,  Hnluieiiberger  {O'Uh. 
67,  3-16),  Singer,  Mariaiiini.)  It  increases  as  the  square  of  the  numlxT 
of  pairs.  (Delezennes,  J.  Pln/s.  «2,  209.)  In  the  tniclosed  circuit,  it 
increases  as  the  square  of  the  luiiiilx'r  of  pairs,  and  in  tlie  closed  circuit 
directly  as  the  number;  for  the  stuticul  effects  of  a  given  qmiulity  of 
electricity,  as  shown  in  the  open  circuit  by  the  electrometer,  are  to  the 
dynamical  effects  wliicli  the  galvanometer  exhihits  in  the  closed  circuit, 
in  the  ratio  of  the  scjuare  to  the  simple  number.  (Peltier.) 

The  tension,  as  shown  by  the  ele<;tromoter  in  tlie  uiicloseiL  circuit  is  not 
aEFected  by  tlie  size  of  the  plates,  but  only  by  their  number.  When  one 
polt-  is  wnoected  with  the  ground,  tlic  maxiniiun  of  tension  is  the  same, 
w^fiether  the  batterj'  be  charged  with  river  water,  solution  of  sulphate  of 
Boda,  or  water  acidulated  with  nitric  acid;  but  in  the  last  case,  the  maxi- 
mum tension  is  instantly  attained,  more  slowly  in  the  second,  and  most 
elowly  of  all  in  llu?  lirst.  When  the  battery  is  insulated,  the  tension  is 
altogetlier  weaker, — strongest  however  when  the  charge  is  made  with 
river-water,  weakest  when  water  acitlulated  with  nitric  acid  is  used :  in 
the  latter  case,  it  often  vanishes  altogether.  (De  !a  Rive.)  In  the  unclosed 
circuit,  the  nitric  acid  exerts  an  oxidizing  action,  not  only  on  (he  zinc,  but 
hkewise  nn  the  copijer,  thereby  giving  rise  to  an  opiM)Bite  current ;  but 
when  the  circuit  is  ciose<l,  the  oxidation  of  the  copjx-r  ceases.  (Buff.) 

The  middle  pair  of  an  unclosed  circuit  of  twenty  pairs  of  zinc  and 
copper  does  not  act  more  strongly  on  an  electrometer  furnished  with  a 
Condenser,  than  one  single  pair  would.  The  greater  the  num1>er  of  pail's 
irmhided  in  the  circuit  by  tuiching  one  of  them  with  the  condenser  and 
the  other  with  the  finger,  the  stronger  is  the  divergence  of  the  gold  leaves. 
Likewise,  when  the  circuit  is  closed,  but  in  such  a  maimer  that  the  current 
is  obliged  to  jiass  thmugh  water — not  decomposing  it  perceptibly — a 
certain  degree  of  tension  is  manifest,  increasing  towards  the  ixjies.  Even 
ivheu  dilute  sulphuric  acid  is  used  instead  of  water,  t-ension  is  still  apj>a- 
•ul,  although  the  liquid  is  decomposed;  but  not  when  the  circuit  is  com- 
pletely closed  by  a  metallic  conductor.  Whenever,  therefore,  an  obstacle, 
luch  as  water,  is  to  be  overcome,  electricity  accumulates  in  the  poles  till 
[it  acquires  sufiicient  tension  to  overcome  the  resistance.  (Buff.) 
VOL.   I.  2  k 
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If  the  union  of  the  electricities  cx)llocled  in  tlie  poles  has  l»o<»ii  ofr<»rti^ 
by  eoniicctinfi^  the  pijlew  by  a  {>ei'fect  cimductor.  and   tho  • 
aftcrwurJH  broken,  tlii'  tvn>  fU-ctri cities  agiuii  acctunuluto  in  i 
tlioir  former  teiisi'tn.     In  fiili^s  with  nioint  Berni-eonductorH,  tli 
|)lace  ahjiust  iiiKlantaiieuuKty  ;  in  those  with  diy  souii-comli 
very  slowly.     So  Icmg  as  tlie  [xAeti  remain  connected  by  a  good  c<»udui.1"f. 
the  positive  and  negative  eleetricit'es  rapidly  generated  iu  tlie  batv.rj 
continually  reoornbinc  witlun  the  cnuducton     The  quantity  of  dectridt} 
thus  iieutrahzed  iu  a  g-iven   time  dejxjuds  on  the  circumstances   atr'Vc 
noliti'd- 

The  difference  between  the  effects  of  the  voltwc  pile  and  thone  of  lb? 
electriwil  madihie  conaists  ui  the  two  fnlliiwiii;>:  jioints:  1.  Uymeausr* 
the  latter,  a  lar{r('  <piantity  of  I'lectricity  may  easily  be  a<.vtif"nl  .«.•.!  int 
body  of  small  diincnsioiia  ;  in  cotisetnience  of  which,  the  electr:  htm 

a  high  teuRJoji  cir  a  utrong^  tendency  to  combine  with  eluctj..ii,  ..i  tbr 
upin)Bitt'  kind,  and  makes  its  way  through  non-ex)ndiietor8,  such  as  the  »ii. 
ill  the  form  of  a  sj^tark.  On  the  other  hand,  the  tension  of  the  electricity 
developed  by  the  contact  of  two  metals  is  so  extreuiely  Bniall,  that,  acciird- 
ing  to  €hildivn,  it  requires  no  fowi'r  than  12.^0  zinc  and  co[)j>er  plates  t» 
give  such  a  tension  to  the  electricity  accumulated  at  the  jtolea,  ne  wPI 
enalile  it  to  [lass  in  the  form  of  a  epjirk  between  twrt  platinum  wiree  tef- 
minating-  in  jioints,  placed  at  an  intei-val  not  exceedin<^  ^'^  inch,  aud  con- 
nected with  the  |Mik'a  uf  tlie  battery. — (2.)  IJut  a  small  volt.'iio  liatttffj 
generates  in  a  piven  time  a  much  greater  4|uaMtity  of  ekn-rtricity  than  ft 
iargfe  electrical  machine, — f)rovided  the  electricities  are  conducted*  awuy  *» 
fast  as  they  arc  generated.  The  electrical  machine,  therefon*,  \»  UiJt 
adapted  to  the  productimi  of  those  effects  which  dt-jteud  on  ^Toat  electzkal 
tenHton,  Buch  as  the  [K'netration  of  air,  ^dass,  and  other  insubtofH ;  tfct 
voltaic  battcrj',  esj>ecially  whcri  lar;::e  [ilatcK  arc  used,  is  most  el 
in  producing'  tho.se  efl:"(x:ta  which  it<-|K'nd  un  the  condnnation  of  hir^T" 
titles  (if  electricity  in  a  p:iven  time, — e.  ;/.,  an  elevated  temp*  i  ■  tb<' 

cnjiductors  in  which  the  combination  takes  place,  and  tho  dec    ,  mi 

chemical  com|i(/un(lM. 

Since  an  increased  innnlK'r  of  plates  augments,  not  the  qnaiitity,  but 
only  the  intensity  of  tlie  current,  it  follows  that  the  nuinl>or  of  mun 
united  in  the  battciy  (nig'ht  to  be  different,  acc<irding  to  the  oondi 
jxnvor  of  the  l.>ody  thr«>iig'h  which  the  current  has  to  pnHt«.  A 
numl>er  of  jiturs  than  that  reipurcd  fur  cnruph'tely  overc<uning  the 
ance,  is  of  no  avail — and  may  even  diminish  the  quantity  of  iho  c 
if  any  among  th(!m  act  loss  jwwerfully  than  the  reut.  Hericu  a 
pair  is  proper  when  the  current  has  to  jmiss  through  a  thick  wire  onl 
lor  tnagi»etic  action  or  for  fusing),  a  small  number  of  paire  when  it  hi 
traverse  a  long  thin  wire,  a  larg<.*r  ntnnber  when  watery  liquiilM  are  pt«oc«i 
in  the  circuit,  and  a  still  larger  number  when  the  Uquido  are  diviU(><l  iatu 
Beparatu  |Kirti')ns  by  interpuseil  plates.  (i)e  la  |{i%c.) 

The  greater  the  nuniln«r  of  jKiirs,  the  8o<»ner  diM's  tlit  a<'tion  dimij 
•o  that  a  battery  of  a  small  ninnl>er  of  luiirs  is  ti.tronger  after  a  tinte 
one  auitaiiiing  a  large  huiuInt.  (De  la  Kive.) 

Strongly  acting  ]iairs  must  not  Im'  united  with  such  as  act  WMklft 
f.  (f.,  //me  and  c()p|)er  v^ith  cop[>er  and  platinum ;  or  ])airs  a<.;tGd  upon  t^ 
fresh  acid  with  |m.ii-H  8ubjccted  to  (he  action  nf  add  which  hua  been  owd 
and  is  tlu^refore  saturated  ;  neither  should  large  pairs  l»e  united  with 

Onea.     The  addition  of  }«iirs  which  act  less  jHjWt-rfully  [though  it  ii        

tlie  tociHiun]  diininishutt  tlie  (puintity  uf  tho  current  ooaaitierably.     If  Mf 
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pairs  wit! I  Fresli  acid  produce  a  current  capaMo  of  liberating-  R-4  cubic 
iiii^hi'R  of  tlclmiiitiiiof  gas  ill  a  minute  Ijv  tho  tlccnnipnsifion  of  water,  tiio 
quantity  t>titnim'd  in  the  same  tinio  is  reduced  to  1"1  cubic  incliee  wlicn 
these  4(»  [lairH.  with  fresh  acid  are  oonuected  with  10  pairs  acted  upon  by 
acid  i>rcvi<msly  used.  (Faraday.) 

Materials  of  the   Battery, 

Zinc,  eitlier  common  or  amalgsitnated,  is  almost  always  employed  as 
the  positive  metal  of  the  battery.  But  since  Dinimon  zinc  is  Bubjcct  to 
ordinary  chcinieal  action,  and  likewise — on  account  of  alloys  niixeil  with 
it — to  local  galvanic  action  ;  and  ftince  theHc  actions  contiinic  even  wliile 
the  circuit  is  ojien — a  great  deal  of  zijic  and  acid  are  useleKsly  consumed, 
By  the  uhc  of  amalgixniated  zinc,  first  intrndut;ed  by  Sturgeon,  this  loss 
iH  avoided.  With  this  kind  of  zinc,  however,  the  current  is  soon  reduced 
to  ^  or  y'^  of  its  original  Rtrength,  Ix^cause  no  gas  is  evolved  an  the  zinc, 
and  cnriHer|tjetil]y  the  acid  docs  not  get  well  mixed;  but  on  breaking 
contact  for  a  whiic,  the  current  regains  its  former  power. — lioUed  zinc 
plateri  are  preferable  to  th<»K(-  of  cast  zinc,  which  are  less  pure.  New 
plates  act  iM.-tter  llian  such  as  have  lieen  used  two  or  three  times,  perhaps 
because  the  alloys  come  out  more  pifinitueutly  as  the  surface  diwsolviis, 
and  thus  give  rise  to  loail  galvanic  action.  Tiiis  deterionition  of  zinc 
plates  by  use  soon  readies  its  limit  in  the  case  of  rolled  zinc ;  but  with 
cast  {ilates  it  goes  on  contiiiualiy.  The  more  smoothly  the  plates  are 
nibbed,  the  better  do  they  work.  (Faraday.) 

P'or  the  negative  luciid — copjxjr,  iron,  lead,  silver,  platinized  ailvor, 
platinum,  grafvliite,  charcoal,  or  |X)roxide  of  lead  may  be  used. 

In  u  l>attery  of  iron,  platinum,  and  dilute  sulphuric  acid,  only  a  small 
quantity  of  hydrogen  gas  is  evtjlved  upun  the  |>lutlnum  ;  hut  if  the  iron 
plates  used  in  this  battery  arc  united  with  zinc  plates,  nearly  twice  aa 
mucli  hydrogen  is  evolved  uj^khi  the  uon,  as  woiild  be  given  off,  if  the 
same  zinc  plates  were  connected  with  p)hitinnni.  Fresh  iron  plates,  on  the 
ctmtrary,  do  not  act  more  stro/igly  than  platinum.  (Daniell.) 

Wlien  the  surface  of  the  negative  metal  is  twice  as  great  as  that,  of 
the  |K>siti\'e,  and  a  plate  of  the  latter  is  interposed  between  two  plates  of 
the  foruK^r,  the  quantity  of  the  current  is  greatly  increased  (p.  380). 
(Hare,  Faruday.)  The  quantity  i«  also  greater,  the  thinner  the  stratum  of 
Iiqui<l  l«-tvve("n  the  zinc  and  the  negative  metal  (j).  377).     (Faraday.) 

A  )ii'cuHarly  Btr(^)ng  action  is  produced  by  silver  or  plated  copj.KT,  on 
which  (iliitinum  is  precipitated.  A  rough  surface  is  first  iiTi[»arttHl  to  tho 
silvf^r  by  treatuig  it  for  a  short  time  with  strong  nitric  acid  ;  it  is  then 
jnimersed  in  dilute  sulphuric  acid  to  which  a  little  chloride  of  platuium 
baa  liceii  a<lded,  and  cimnectod  with  zinc  ininieiHi'd  in  dilute  sulphuric 
a<'id  ointained  in  a  pftrous  tulie,  this  tulK3  dip]iing  into  the  first-mentioned 
lifpiid.  The  jitatijimn  is  precipitated  on  the  silver  in  tho  form  of  a  black 
[.Hiwder.  (.Smee.) 

Of  carlxmaceous  substances,  the  most  serviceable  arc  plumbago  and 
hard  gas-coke  ;  then  poruUK  ci'ke  and  box-wood  charcoal.  These, 
however,  soon  lose  their  jM)wer,  in  consecjuence  of  bccojuing  filJed  with 
hydrogen :  but  if  the  hydrogen  l>e  removed  by  immersing  them  in  a 
solution  of  sul[ihate  of  c<)|.ij)er,  which  likewise  produces  a  precipitation  of 
Clipper  upon  and  within  them,  a  powerful  battery  may  lie  made  with  them. 
(Smee.) 

A  mixture  of  coal  and  coke,  strongly  ignited,  forms  a  carbonaccoua 
mass,  which  acts  ncaily  as  well  as  platinum,  and  is  well  adapted  for  use 
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on  account  of  itB  tenacity. 
p.  392.) 


(Bunsen,   Ann.   Pharm.  38,  211.)    {Omf. 


For  Uquith,  tlio  fdllowing  may  hr*  usml :  spring-water,  aqueons  eolo- 
tione  of  common  salt,  sal-ammoniac,  nitre,  aimn,  sulphate  of  copper, 
bisulphatc  of  putash,  and  other  salts,  aqueous  ammonia  or  potash,  ui^ 
dilute  Bulplmric,  liydrocliloric,  or  nitric  acid,  or  a  mixture  of  dilute  wil- 
phuric  and  nitric  acids. 

Water  pivcB  a  wintiunniis  current  of  small  quantity  and  attacln  tltt 
zinc  but  very  little.  With  saliiip  aolutions,  the  current  is  at  first  ahondut, 
but  soon  diminishes  (p.  377).  Sulphate  of  copix.*r  is  the  only  salt  th»! 
gives  a  more  [lentiancnt  current ;  it  abo  act«  without  evolution  of  gas. 

A  mixture  of  water,  Bulplmric  acid,  and  nitric  acid  {e.  */.,  100  mcasofW 
of  -water  ti>  4-5  oil  of  vitriol  and  4  nitric  acid)  imssesses  this  advantage,— 
that  it  not  only  excites  an  intense  and  uhundant  current,  but  that  neithet 
hydrof^en  nor  nitric  itxide  gas  ia  evfilved  frnm  it,  because  the  hydm^ 
evolved  from  the  water  cotnbineB  witb  the  nitrogen  «et  free  from  thesiltiic 
acid,  and  foniis  ammi>nia.  (For  Fyfe's  experiments  on  the  power  *i 
different  circuits,  rid.  Pogg.  43,  228.") 

When  dilute  sulphuric  and  nitric  acid  are  used  tnj£rpther,  instead  !»< 
dilute  Buli>huric  acid  alone,  in  a  batteiy  of  ten  pairs  of  amalgamated  one 
and  jilatinum,  the  quantity  of  the  cuiTent  (meaHurcd  by  the  Voltameter) 
ia  nearly  trebled,  and  the  quantity  of  h.ydrogen  g^  evolved  in  thf 
differeiit  cells  is  small  and  inicquiil ;  but  in  fi\'e  miiiutes  the  current  cease* 
almost  entirely,  and  is  but  iiii]X'rfeetly  restored  by  opening  the  circuit 
Wlien  more  nitric  acid  iw  added,  the  evolution  of  hydrogen  ceases  entireh 
in  some  ceSls,  and  almost  wholly  in  others :  the  ciurent  is  atrengthenei 
but  diminishes  rapidly.  If  when  the  circuit  has  been  closed  for  thirty 
huurs,  and  the  current  has  alniust  wholly  ceased,  the  platinum  plates  W 
removed  and  rejilaced  by  new  ones,  the  battery  will  again  act  as  strotigly 
aft  at  first,  but  tm\y  for  a  Bliort  time.  The  platinum  plates,  wliirh  have 
l)ec<imc  inactive,  are  nnt  completely  restored  by  ignition,  polishing,  of 
Ixjiling  with  Rtrong  solution  of  f»f>ta)jh ;  but  they  recover  tneir  activity 
entirely  by  lK>iling  in  nitric  acid.  P\u'  they  are  covered  with  xdiic  portly 
crystalline,  jwirtly  nf  a  warty  texture, — the  cjating  even  extendiog. 
though  in  smaller  quantity,  to  the  side  which  is  turned  away  fmoi  U>f 
zinc.  The  rapidity  with  \jhi(*h  this  coating  \»  formed,  increases  with  thr 
quantity  of  xiiic  dissolved  in  the  liquid ;  it  is  then^forc  greatest  when 
unamalgamated  zinc  is  used. — Every  time  the  circuit  is  broken,  the  Vac 
de|X>Hited  ujjou  the  platinum  dissulvcs  again,  provided  a  sufficient  qiiMh- 
tity  of  free  acid  be  present.  When  the  acid  liquid  holds  a  qtiantitv  d 
copiKT  in  solution,  that  metal  is  first  de^Misited  on  the  platinutn.  'axA 
afterwards  the  zinc,  but  with  less  facility.  But  when  a  larger  quantity 
of  copper  is  contained  in  the  liquid,  the  cop|x>r  is  jtrt'ci  pita  ted  on.tbc 
amalgamated  zinc,  and  causes  an  evolution  of  hydmgen  upon  it.  Tbr 
addition  of  nitric  acid  to  the  <lilute  sulphuric  acid'  assists  the  action  by 
diminishing  the  evolution  of  hydrogen  gas  on  the  platukum,  inasraueh  u 
it  gives  rise  to  the  production  <if  ammonia  [liy  which  however  tlje  add  » 
so  much  the  more  quickly  saturated.]  (Daniell.) 

Remarkably  i»owerful  ciurents  are  produced  by  tlie  proper  combinatioa 
of  two  nu'tals  with  two  liquids  (p.  389). 

With  plates  of  given  surface,  the  quantity  of  the  cnrrent  varies  acoofti- 
ing  to  their  nature  and  that  of  the  liquid,  as  follows  :  Amalgamated  zinc, 
dilute  sulphuric  aftid,  copper  :  019;— amalgamated  zinc,  diluU>  sul^tharic 
«ci<l,  platinized  silver  (according  to  Smee)  :  0-29 ;— amalgamated   zinc 
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"  dilute  Buljihnric  rtciil,  iron  (acconiing' to  Sturgeon):  0*30  or  less; — zinc 
dilate  Bulpltiiric  acid,  sidphatu  of  copfjer,  copixr  (according'  to  Danitll) 

,  :  0-65 ; — anialganaated  zinc,  dilute  Bulplittric  acid,  concentrated  nitric 
acid,  platinum  (according  to  Gro\-e):  I'Ui)  (Jonle). 

1.  Batieriea  with  two  Metals  and  two  Liquids. 

Danieira   Constant   Batter}).    (App.  25.)      An    ox-gnUot   closed   at   tho 
bottom  (or  Diiinected  with  a  bent  tube  for  carrying  oil  the  spent  acid) 
contain«  dilute  su][)linric  acid  and  a  rod  of  arnalgjiniated  zinc,  and  is  fixed 
n[)riglit  in  a  cylindricft!  copjxir  vohscI  filled  with  a  solution  of  Htilphatc  of 
copper.     The  acid  is  either  constantly  renewed  by  causing  it  to  flow  iiito 
and  through  the  bent  tube,  or  occasionally  by  pouriog  it  in  when  wanted. 
The  solution  of  sulphate  of  copjjcr  is  niaititained  at  a  constant  strength  by 
inean.s  of  piirtioris  of  the  pulverized  salt  plaeud  in  sieves  at  the  upjier  part 
of  the  liquid.     From  10  tn  20  siniple  circuUs  of  this  kind  are  united  (the 
coiijjer  vessel  «>f  the  first  with  the  ziuc  cylinder  of  the  seond,  the  copier 
vewsel  of  the  second  with  the  zinc  cylinder  of  the  third,   and  so  on,  the 
conaection  being  made  by  metallic  conductors.) — This  battery  evo^lvcs  no 
hydrogien  gas,  even  wheu  the  ends  arc  unconnected :  the  copper  of  the 
Bolution  is  gradually  deposited,  wdien   the  circuit  is  closed,  on  the  inner 
surfaces  of  the  co[ip?r  cyluiders.     When   the  current  is  made  to   paaa 
tliniugli    acidulated  water,  the    (piaiitity  of  detonating  gas   evolved   is 
greater  in  the  first  tpnirter  of  an  hour  than   in    any  subsequent  equal 
interval ;  but  from  that  tune  the  current  remains  perfectly  uniform, — 80 
that  when  the  circuit  has  been  closed  for  four  liours,  the  quantity  of 
detonating  gaa  evolved  in  a  given  tune  on  passing  the  current  through 
acidulated  water,  ia  the  same  as  Iicforc.     The  amount  of  pure  chemical 
action  in  this  battery  ia  very  Rmall.     For  188'48  cub.  in.  of  detonating 
gas  evolved  in  the  decomposition  of  water  by  a  ten-pair  battery,  y3'3 
grains  of  zitic  are  dissftlved  ir*  the  same  time  from  cjich  zinc  plate  (there- 
fore f)33  gr.  for  the  whole  ten  plates);  that  is  to  say,  only  7 '2  gr.  more 
than  the  quantity  ret]uired  by  the  stoichiometrical  proportion   of  water 
deconi[Kised    to   zinc   dissolved  (9  :  32'2). — Whilst  the  ten-pair  battery, 
when  the  zinc  is  immersed  in  a  mixture  of  100  measures  of  water  and  4^ 
uieasurea  of  oil  of  vitriol,   liberates  3'8  cub.  in.  of  detonating  gsis  in  5 
minutes, — it  gives  2'1  ctib.  in.  when  nitric  acid  is  added  to  the  sulphate  of 
copper  sohilion,  and  4*2  cub.   in.  on  the  addition  of  nitric  acid  to  the 
Hulphuric:  the  latter  quantity,  how^ever  eoon  sinks  again  to  3"8  cub.  in. 
Hence  the  addition  of  nitric  acid  is  useless.     With   a  niixture  of   ItiO 
measures  of  water  and  tf  measures  of  oil  of  vitriol,  the  qnantity  tif  gus 
ohtuiiied  in  5  miuutes  is  S'S  cub.  in. ;  and  with  KKt  water  and  12'5  oil  of 
vitriol,  it  amounts  to  11'  cub.  in. — When   the  circuit  is  kept  closed  for 
five  honrs  without  renewal  of  the  acid,  the  quantity  of  detonating  gaa 
evolved  in  T)  minutes  sinks  from  2*7  to  2*4  cub.  in,,  and  after  24  hours  to 
0'3  cnb.  in. ;    the  acid  is  then  found  to  l»e  completely  saturated  with 
oxide  of  zinc.     If  half  the  liquid  Ih^  now  replaced  by  fresh  fhlute  sulphuric 
acid,  the  quantity  of  detonating  gas  evolved  in  Tj  minutes  rises,  not  njorely 
to  the  original  (juantity  of  2-7,  but  to  4*2  cub.  in. ;  and  the  battery  retains 
this  strength  for  4  hours,  because  the  sotuttnn  of  sulphate  of  zinc  mixed 
with  tho  liquid  uicreases  its  cfmducting  power.  The  action  remains  the  same 
when  the  zinc  cylinders  are  reduced  to  one-fourth  of  their  former  length. 
The  current  is  not  increased  when  tho  copper  surface  is  extended  by  the 
introduction  of  a  number  of   slips   of  copper. — A   twenty-pair  battery 
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rtiukcs  a  platinum  wire  8  inches  loug  and  y^  of  an  inch  thick,  incandcaoal 
in  the  air. — If  a  zinc  cyhndcr  in  one  of  tlic  cells  Ik;  replnced  by  n  tltid 
platin inn  wire,  pure  oxygen  gas  is  evolvt'd  upon  it,  84  cubic  incimiia 
an  hour.  (Daitiell.) 

Jiicobi  {Electrohjpej  Peiet-shirgK  1840)  places  a  plate  of  lead  or  tf 
thick  cup{.ier  rolled  up  into  a  cylinder  (not  soldered,  in  order  that  U* 
precipitated  cupper  may  he  renKn-ed  liy  urdnniding  it)  in  an  obluo; 
rectangiUar  ^'essel  of  cop|>er  or  lead.  This  cylinder  touches  three  BldMcf 
the  vessel.  The  space  between  it  ajid  tlie  f»nirth  side  serves  to  rrccifet 
Bieve-bottomed  trough  placed  in  it8  ujipiT  pail  and  fiJled  with  jmuiuiM 
sulphate  of  copper,  in  order  that  the  H<dutinn  which  drains  thri>u^  tke 
bottom  of  the  trough  may  supply  the  loss  of  that  salt  roBulting  franiliv 
galvanic  actiim.  Witiiin  the  lead  ttr  copper  cylinder  is  [>laoci!  aoothv 
cyhnder  made  of  the  thinnest  possible  earthenwai"©,  filled  with  diinla 
Kulptiurie  acid,  and  containing  a  zinc  cylinder  cither  solid  or  hnjlow. 
The  n<)nid  Ik  withdrawn  by  means  of  siphoiiH  of  peculiar  con8tructi<«i ;  at 
all  evenlH,  the  acid  liqiiid  muat  Ix'  removed  from  time  to  tirj»e  as  it  bocOOfli 
saturated  with  zinc.  Thi;  eartht-nwarc  cylinders  are  s<^»aked  in  trattf 
every  six  or  fourteen  days,  in  order  to  re-n|K'n  tla-ir  |x»re8. 

Instead  ftf  auujiul  nieuibnines,  on  wliirh  cupjier  becomes  pr«>ciidtatcd. 
Mullins  uses  a  hnlliiw  cylinder  of  sycaninre  <>r  other  white  wood  cIo«4 
at  the  bottom;  he  also  uses  a  sohitiun  of  equal  parts  of  water  and  satti- 
rated  solution  of  sal-anunoniac  in  })laee  of  dilute  sulphuric  acid.  (For  tbe 
other  alterations,  vid,  Phil.  Mag.  J.  Ifj,  37). 

Spencer  [Poffg.  h\,  372)  pubstitutts  for  the  ox-gullet  in  DainVH's 
battery  a  cylimler  of  thick  brown  [mckiiig  pajM-r,  modelled  u)x>n  a  wtHMitin 
cylinder,  faatenedwith  sealing-wax  througliout  its  whole  leng-lh  !>>•  lutvA 
of  a  hot  iron,  and  closed  at  bottom  with  a  ihiu  rfiund  plate  of  wrntd  wkicft 
has  a  circular  groove  cut  in  it,  so  that  it  may  be  lied  with  a  string  to  th» 
paptT  cylinder.  Sohitiou  of  Glauber's  salt  or  sulphate  of  zinc  ia  used 
instead  of  dilute  sulphuric  acid. 

Or: — a  glass  cyhnder  outside;  \^nthin  this,  a  cylinder  of  thin  sheet  ktad 
or  the  lead  of  which  the  Chiuu»e  tea-canisters  are  mtide,  with  nnnieffiiu 
vertical  folds,  so  that  it  has  a  stany  ap|K'arance  and  presents  a  lam 
snrfiice.  Withui  this  again  is  plared  a  cylindrical  vessel  of  tuigUwl 
earthenware ;  and  this  contains  a  eylinder  of  jciuc  surrounded  with  suTrJuU^ 
of  soda  or  8ul[)hate  of  idnc.  Tlie  learl  iuimersed  in  the  solution  of  Mui|4ui(« 
of  cop|»er  soon  betrtjmes  covered  with  co}i|K'r,  and  acts  like  that  metaL 

(Ji-ove's  BtUU-nf.  {A/>p.  26.)  A  porcelain  trough  is  divided  Uy  jarti- 
tions  «,  also  of  i»orcelain,  into  four  cells,  n,  A,  c,  rf,  Kach  cell  contains* 
box  lof  |Miroiis  eiirthenwarc.  Between  the  surfjK-es  of  the  c<>ll  and  the 
Utx  is  ]>laced  a  plutiuum  plate  ;>^  jtassing  downwards  on  one  side  ol  liM 

c».>ll  ami  upwards  on  the  other,— and  in  the  earthenware  box,  an 

mated  zinc  plate  r,  connected  witli  the  platiuuru  plate  of  the  second  cell 

thick  wires  screwed  on  to  the  zinc  and  the  platinum,  &e.  The  Wtx  i  is  fi 

with  water  containnig  one-fifth  of  its  hulk  of  oil  of  vitriol,  or  one-luilf  itJ 
hulk  of  hydr<_»chloric  acid;  and  the  simc*'  confairiing  the  platinum  is  tillwl 
with  a  mixture  of  e<pnil  parts  of  oil  r»f  vitriol  and  stnmg  nitric  iK-i<l.  The 
apparatus  is  fitted  witli  a  cover  containing  lime,  in  order  in  ahsorh 
nitKuis  vapours  which  are  evolved.— The  ap]Himtus  ct«itahis  eight  niuii 
uf  lii|uid.  It  must  not  Im*  left  in  action  more  than  half  on  hour,  becai 
it  iK-eomes  too  hot.  ((Jrove.      I'tV/.  p.  301). 

An  instrmuent  of  this  kiml  furnwhed  with  only  single  platinum  phiU« 
— each  of  the  four  wnc  and  platinum  plates  having  a  uiufuce  of  U  aquan 
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iiifhes,  liberatCB  6  cubic  inches  of  detonating  gas  per  minute,  when  tliccon- 
i)«'ctiii>^  wirt'H,  are  ma<^le  to  dip  into  T,vater  atiidtilatcd  with  sulphuric  acid, — 
bringR  a  jilntifium  of  7  Lnciies  l*»iig  and  ^  of  an  inch  tiikk  to  a  state  of 
briylit  ij^-uiliou — and  causes)  stcfl  needles  to  hiirn  with  brilliancy.  (Grove.) 
A  fjvc-iKiir  battery  of  this  description  havinjij  in  each  earthenware  cell  a 
platinum  plate,  8  inches  long  and  2  inches  wide»  iniinersed  in  nitric  acid 
of  l-a,S  ep.  g-r.,— and  in  each  potvcluiii  cell  a  zinc  jilate  of  double  the  size 
b<Mit  round  at  the  bottvirn  and  immcrst-d  in  hydrochloric  acid — yields  15 
cubic  inolies  of  detojiutiiig  gjis  ikt  minute,  fuzes  platinum  wire  vf  the 
thieknesa  uf  »  knitting  iieed'e  in  a  few  8ecf)nds,  causes  eburcoul  to  emit  a 
light  of  intnterablc  l>rilliuncy,  and  will  jcoduce  a  magnet  capable  of 
bearing  3i  cwt.  Its  physiological  effects  however  are  but  slight  [on 
account  nf  the  feeble  tension  of  5  [lairs.]  The  current  is  likewise  of 
constant  strength.     (Schiinbein,  Fugff.  41),  611.) 

Porcelain  cyhnders,  closed  at  bottom  and  covered  on  the  ontBlde  with 
a  layer  of  platinum  bunit  in,  may  be  placed  in  cylinders  of  porous 
earthenware  tilled  with  nitric  acid,  and  these  again  in  vessels  containing 
cylindricftllv  bent  ziric  plates  witli  dilute  sulphuric  aciil,  or  still  better, 
sulphate  o^zinc.  (Pfaff,  Foc/g.  a3,  303.) 

insti'ad  (jf  platinum,  an  inui  rod  may  also  bo  immcrficd  in  strong 
nitric  acid  contained  in  a  tube  of  gj'pnum,  and  the  tiibe  plar-ed  in  a  vessel 
containing  dilute  snlplmric  acid,  in  which  is  immersed  a  zinc  plate  bent 
into  th«'  fitnu  <if  a  cylinder.  After  this  battery  has  acted  for  some  time, 
the  acid  becomes  so  much  weakened  that  it  dissolves  the  iron  suddenly. 
(Hawkins,  Phil.  Mag.  J.  16,  115. — PoggcndorfPs  Arraugoment,  Fogg.  64, 
4'2iK) 

When  the  following  carbonaceoxis  sabstances  are  used  instead  of 
platinum  in  Gn)vc'8  batter}',  the  quantity  of  detonating  gas  evolved  in  a 
given  time  is  found  to  diminish  as  follows: — Platinum:  3'52  ; — graphite: 
3'4;  ga.s-cokc,  such  as  ia  deposited  in  the  form  of  a  hard  crust  in  the 
retorts  in  which  fllnminuting  gas  is  generated:  3*27; — well  burnt  char- 
coal: 3*  17.  The  action  of  all  these  substances  is  therefore  nearly  the 
same  as  that  of  jilatinum.  (CuofK-r,  P/iU.  Mag.  J.  16,  85.) — Schcinbein 
(Pogg.  49,  .589)  found  tfie  same  result  with  gas-coke. — Charcoal  having  a 
Burfttce  of  8  square  inches  Uhcrates  as  much  gas  as  platinum  7  square 
inches  in  surface,  (Smce.) 

Kunsen  {.inn.  Fhnrm.  38,  811;  Fogg.  54,  417)  forms  cells  of  car- 
bonaceous substance  prepared  in  the  manner  already  descril^cd  (p.  892), 
fills  these  cells  with  a  mixture  of  sand  and  nitric  acid,  wliich  is  renewed 
from  time  to  tin)e  as  it  is  used  u[i, — and  places  them  in  dilute  snliihuric 
acid,  also  c^ontaining  the  zinc  plates.  A  batterT,'  of  thive  such  pairs  with 
zinc  plates  3  niches  wide  and  4  inches  long,  liU'i-ales  from  38  to  4.5  cuhiu 
centimetres  of  detonating  gas  per  minute. — while,  for  eveiy  atom  oi 
water  decomjjosed,  nut  much  more  than  one  atom  of  zinc  is  dissolved  in 
each  cell.  Platinum  wires  of  some  thickness  arc  made  red-hot,  and 
ciiarcoal  brought  to  a  state  of  dazzling  incandescence  {yid.  Poggendorif, 
Fogg.  !-)U  4H».> 

Wohlrr  iV  Wel)cr  (Ann.  Pharm.  38,  307)  form  two  cylinders,  open 
al>ove  and  Ik-Iow,  out  of  a  piece  of  pcdished  iron  plate:  one  of  the  cylin- 
ders is  made  wider  than  the  other,  and  the  two  are  connected  by  a  bent 
pie<-('  nf  metal.  The  wider  cylinder  is  placed  in  a  gla.<ifl  vessel  con  tabling 
dilute  snljiburic  acid, — in  this  is  immersed  an  earthenware  cj'linder  filled 
with  strong  nitric  iicid. — and  in  this,  the  narrower  cylinder  of  the  following 
pair.     The  iron  in  the  eul|.ihuric  acid  acts  like  zinc,  that  in  the  nitric  acid 
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like  platinum.  When  the  surface  of  the  wider  cylinder  is  only  iknt 
square  inches,  two  |)iurH  of  this  sirrnn gfiinent  are  Ruflicicat  to  raise  tiuft 
platinum  wire  to  a  white  heat.  Tinned  plate  appears  to  be  preferable  fit 
immerKion  in  the  nitric  aeid ;  it  is  [lerhaps  most  advaiita^eouB  to  have  Uk 
whole  made  of  cast  iron.  (Wiihler.) 

Three  pairs  of  iron  cylinders  having  a  total  surface  of  12  eqUR 
inches,  three  iron  cylinders  in  nitrie  acid  of  1*44  sp.  gr.  'and  the  thr» 
others  in  a  mixture  of  7  jiarts  water  and  3  parts  oil  uf  vitriol,  yjeW  | 
of  a  cubic  inch  of  detonating  gas  pt^r  minute. — Five  pairs  of  tin-pUte 
(instead  of  zuic)  and  irou-phite  (instead  of  platiuimi)  hax-ing^  a  total  cv- 
face  of  83  square  iiicJies,  jiekl  1-8  cubic  inches  of  detonating'  gas  IKf 
minute,  whereas  an  ajiparatus  of  zinc  and  platinum  of  the  same  aixe  jMWi 
9  cubic  indies.  (Walchncv,  Ann.  Pharm.  4t),  121.) 

Aqueous  sohition  of  Besquiehloride  of  iron  in  Grove's  apparatus  |»o- 
duces  an  action  less  by  one  fouith  than  tliiit  of  nitric  acid.  (Smee.) 

Grove's  battery  ia  fltronjrer  than  any  ntlu-r  of  et^ual  surface:  itw  itfr 
advantag'cs  are, — the  great  ex fuense, — the  inconvenience  caiisod  by  nit 
fumes  and  the  use  of  cormsive  nitric  add, — and  the  mixing'  of   the 
by  endosmose. 


2.  Batteries  tcUh  hco  Metah  and  (me  Ltqtdd. 

A.  r^e  negative  metal  having  twice  as  much  surface  as  the  poskioe  metoL 

Faraday,  adoptitifj^  Flare's  method,  makes  two  rectangular  beu< 

the  niiddk;  of  a  cofifKT  plate  ^-^^  {.!/»/).  31),  so   that  the  sides  njn    p     

to  one  another;  he  then  Holders  the  iip|>L-r  end  of  one-half  of  the  plate  to 
a  zinc  plate  :  by  means  »)f  a  bent  niece  of  metal  h, — and  ocmnectu  tterenl 
such  pair.s  in  such  a  manner,  that  the  zinc  [ilateof  thetirst  shall  be  inserted 
between  the  two  copper  plates  of  the  second,  and  kept  from  touching  iJk 
CO] (per  by  the  introduction  of  snndl  pieces  of  cork,  yy  of  an  inch  thick,— tL« 
zincplateof  the aecoiid  between  the  two  co|tj>er  platesof  the  third,  and  so  on. 
The  cojiper  platt-s  of  one  |>air  are  kf^-pt  from  contact  with  those  of  the  next 
by  the  insertion  of  thick  pajier.  But  as  the  [ifipLfr  N'comes  saturate**]  witb 
nitric  ncid,  and  this  acid  dissolves  cop]>er,  which  is  suhsequeutlv  prwi- 
pitated  on  the  zinc,  it  in  lietter  to  separate  the  copper  plates  by  8tri|ic;(if 
j^lass.  The  plates  thus  arnuig-ed  art'  placed  in  the  division  a  of  the  douhl*^ 
trotiffh  repreHended  in  Ap}K  ;i2.  Forty  pairs  reipiire  a  troug'h  10  inrbro 
long,  and  100  |>air8  a  tniugh  3  feel  h>ng.  The  duublo  trougli  jm  umsw 
able  round  the  axis  X.  A  quarter  revtthition  brings  the  trough  6  beluw 
and  the  trough  a  on  the  siae,  so  that  the  acid  liquid  runs  fnim  a  into  4. 
Hence  it  is  oidy  necessary  to  turn  the  ap|>aratus  a  quart«*r  ixiund,  in  onfcr 
to  britkg  the  acid  in  cont^ict  with  the  plates  or  to  dischargi.!  it;  thufl,  «li 
utmecessary  actiim  of  the  acid  on  the  xinc  is  avoided.  The  ijit«Tvab 
K'tween  tlic  copp'r  and  zinc  in  thin  ujijMiratns  Ning  nuich  smaller  than  in 
the  common  trough  battery,  and  the  quantity  of  acid  Uquid  cmploTfKl 
being  consequently  nnieh  less,  the  liquid  Ixvumes  more  quickly  Rttturaiod| 
and  must  Iki  more  freqtieiitly  renewed.     An  ajiparatuA  of  this  doHcripl 

(XJiitaining  forty  pairs  with  a  surface  of  three  squaix'  inches,  acts  as  stnn 

as  an  ordinary  trough  ap|)aratns  (with  single  copi)(.T  surface)  oontainrng" 
forty  pairs  having  a  surface  of  foursquare  inches.  (Faraday.) 

Stiirijmn's  fiatfrn/  consists  of  eight  cast-iron  cylindrical  ressf^lH,  Itl 
in<'hes  high  and  3  inches  in  diameter:  in  each  of  them  is  plac4'd  an  amal- 
gamated 7MC  c^ylinder,  coMnecUil  with  the  uext  iron  vessel  by  means  of  a 
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thick  copper  wire,  to  winch  it  Ih  Bnlderetl,  mid  fixed  into  a  woodou  ring 
which  preventB  coutact  hotwet-n  the  zinc  and  iron.  The  vcBsela  contain  a 
mixture  of  8  parts  water  and  1  part  oil  of  vitrinj  (a  mixture  wiiidi  acts 
hy  itself  oiv  amalgamated  zinc).  The  battoiy  makcH  tliick  platinum  wire 
red  hot,  yields  from  4  to  5  cubic  inches  of  detonating  gaa  per  minute,  and, 
though  nut  exactly  constant,  continues  in  action  fur  a  long  time.  (Mohr, 
Poifff.  51,  372.) — According  to  Sturgeon,  the  follnwing  hatt^ries,  each 
having  ten  pairs  of  plates,  with  a  Burface  of  104  wquare  inches  yield  the 
foiluwing  (quantities  of  hydrogen  gas  j.Hjr  mituitc  hy  the  decotupdsition  of 
water:  Sturgeon's,  25;  Grove's,  24:  Smee's,  15;  DanieU's,  12  cubic 
inches. 

Cfiildren's  Battery  constats  of  forty  copper  and  twenty  sdnc  plates,  each 
6  feet  kuig  and  2  feet  8  inches  wide,  each  zinc  plate  being  placed  between 
two  copi>er  plates  (rhil.  Tr.  1809,  p.  32.  ^>'c7(m-.  1,  374;  9,  212  ;  IG,  359; 
also  (iiU^.  .1«J,  334  ;  52,  353.) 

Wolltinton's  Cell  Apparatus,  Zinc  plates  are  immersed  in  long  and 
deep,  but  iian'ow,  atp]HT  cells,  filled  with  an  acid  litiuid.  The  firKt  coll  is 
connected  by  a  seaii-circular  stri];  of  riietal  with  the  zinc  plate  which  dips 
into  the  second  cell,  and  so  on.  (CV»m/jf ire  Hart,  Ed.  J.  of  Sc.  4,  lit.)— 
The  a[>paratiis  nf  the  Florentiuc  Museum  cnnsists  of  six  zinc  plates,  each 
85  inches  square,  immersed  in  six  CdpjxT  cells.  (A'.  Tr.  (J,  1,  2] II.) — If 
the  cells  are  made  of  platinized  silver  t>r  platinized  plated  cupper  (p.  419), 
and  contain  a  mixture  iif  1  measure  of  oil  of  vitriol  Avith  8  moasures  of 
water  in  which  zinc  plates  are  immersed,  the  battery  acts  very  strongly, 
and  will  continue  in  action  for  forty-eight  hours  without  requiring  fresh 
acid,     (Smee.) 

De  la  Hue  {PMl.  Mug.  J.  9,  484 ;  10,  244)  fills  the  c.op[)er  cells  with 
Bohitinn  of  suljihate  of  copjMjr,  and  jihices  an  amalgjimated  zinc  jilate  in 
ejvch  (an  nnanralgamated  zinc  plate  would  become  covered  with  copper). 
The  acti(m  is  Ktronger  than  with  acids,  and  no  gas  is  evolved. 

Ynuiig's  Battcnj  {I'M.  Mat]../.  10,  211  ;  uLso  Pof/j.  40,  625),  in  which 
two  c«»nnected  zinc  plates  are  ttiteriMiscd  lietween  two  connected  copfier 
plates,  in  such  a  manner  that  one  of  the  zinc  plates  is  placed  between  the 
two  copper  plates,  and  one  of  t!ie  cnpj>er  plates  between  the  two  zinc 
plates,  does  Jiut  iMissess  any  particular  advantage. 

B.  The  sttrfacf  of  the  negative  metal  not  greater  than  that  of  the  positive 

metal. 

Shiiple  Trough  or  Cdl- Apparatus,  Olilong  troughs  of  earthenware  arc 
divitled  int"  c^-lls  by  esirlhi-iiware  partilinns.  Each  cell  ciuitaiim  a  pair  of 
plates  of  the  two  metals  not  in  contact  with  each  other;  the  positive  plate 
of  the  first  cell  is  connected  by  a  curved  strip  of  metal  with  the  negative 
plate  of  the  second  cell,  &c,,  &c-.  All  the  cells  contain  the  sunie  litiuid. — 
The  nunilier  of  pairs  used  in  this  kind  of  Ixatterj-  is,  for  the  (nopt  part, 
greater  than  In  those  previcnjsly  described:  hence  the  tension  is  greater; 
but  the  quantity  unless  vt.Ty  large  plates  are  used,  is  smaller. 

The  battery  of  the  Royal  Institution  of  London  consists  of  2000  [mirs 
of  plates,  each  plate  having  a  surface  of  32  square  inches  on  one  6i<ie. 
At  the  Ecole  Pol;iirrhni<iw,  in  Paris,  there  is  a  trough  battery  of  600  pairs 
of  plates,  eacfi  filate  having  a  surface  of  11  square  inches.  (Gay- 
IjUshuc  iV  Tlieiiard,  Uechcrclie.%  1,1.) 

In  the  Ciip-fippnratwf  (Conronne  ties  /a,wf.i)  a  nundjcr  of  copper  wires 
l>eut  knee-shape,  and  each  having  a  ball  of  zinc  fused  on  to  one  of  its  ex- 


tTemitiea  are  iinmeraed  in  a  scries  of  glasacs  containing'  dilute  acwL  in 
Buch  a  manner,  tliat  the  zinc  end  of  each  wire  difw  into  <»no  g'tuf<»  andtk 
CLipiHT  end  into  the  next.  The  action  is  but  Bligiit,  on  acx^jiuiL  uf  Ibe 
email  surface  of  the  mctala. 

If  twenty-four  bent  iron  wires  be  covered  at  one  ond  with  peroxide 
of  li-ad  (by  prccif)itation  in  the  voltaic  circle),  and  their  ends  nuult-  Uj^ 
into  twenty-four  glasses  containin{?  1  part  of  nitric  acid  in  IDU  part«  « 
water,  each  glass  containing  the  clean  end  of  one  wire  and  the  coated  end 
of  another,  a  battery  ib  obtained  wliich  gives  slight  hhocks,  but  lusefl  Jti 
power  :ifl  the  peroxide  of  lead  dissolves.  (.Schoni>ciu.) — An  ii|>piuutii0  of 
twelve  platiuum  and  twelve  i)assive  iron  wires  immersed  in  nitric  add  of 
H|».  gr.  1'35,  pffMlnccH  a  very  feeble  cuiTcnt,  which  scarcely  dt>crim|Mi«M 
iodide  of  potaH8i(ini,  and  has  no  effect  on  Bulphato  of  copix^r  or  acidalated 
water.     (Schonbein.) 

It)  the  VoUaic  P»Ye,  pro{)crly  bo  called,  the  pairs  of  platcB  are  dispowd 
in  alternate  horizontal  layers,  with  pasteboanl,  woollen  cloth,  i>r  felt, 
saturated  with  a  saUne  solution  of  dilute  acid,  &c.  It  a<.'.t«  like  th« 
trough-battery,  but  evolves  less  eleetricity  in  a  given  tirnc,  bccauac  the 
contact  of  the  Utpiid  with  the  metals  is  less  complete. 

Instead  of  plates  of  co]i|x'r,  Straub  (Sc/iweiz,  nuturw,  Ameigtr^  Jakrj. 
4,  S.  7,)  reonnnietids  layers  of  carbonaceous  matter.  To  proparo  X\vmt-, 
7  parts  of  beech-wood  charcoal,  in  tine  ftowdor,  are  mixed  with  4^  jtarts  f>f 
wheal-lioiu'  and  a  |iro])er  quantity  of  water,  into  a  paste  ;  xhv  \insW  xt 
then  nifHilded  by  iiressure  itito  lial  circular  pieces;  and  these,  after  bring 
dried  in  sand  m  the  f»peii  air,  are  ex|Mised  for  three  or  four  days  to  a  ci.»n« 
tiijunlly  iucreasiug  heat,  till  ihvy  srnell  like  burnt  bread.  They-  are  tlw^ 
ground  I (uitu  smooth  iJi>on  sand-stone,  ignited  between  charcoal  {.lowdor, 
and  groiitul  again.  Before  using  them,  they  are  soaked  in  watorj  ttf!<?r 
use,  they  are  sU^^pcd  in  dilute  hydrochloric  acid  to  free  them  from  xioc, 
and  then  washed. 

De  Luc's  or  ZambonPs  Pile.  The  so-called  Dry  Pile  is  nsually  formed 
of  thin  sheets  of  metal  separated  by  f>aper, — e.  g.,  of  discs  of  8o-enlM 
gold  anil  silver  paper,  joined  together  by  their  iva|)er  surfaces — or  of  silver 
pajM^r  having  its  pa[>er  side  smeared  with  honey,  and  then  Rprinklt>d  with 
peroxide  of  manganese.  Since  the  number  of  plates  in  these  piles  can 
easily  be  raised  to  several  thousands,  the  poles  exhibit  suflieiont  tnnfiirm 
to  give  sparks.  But  tlu?  rpiantity  of  the  electric  current,  which  can  arise 
from  noliiing  but  the  chemical  action  of  the  hygroscopic  water  in  the 
pajX-T  on  the  tin  of  the  sii-culled  silver  paper,  is  extremely  smalL  IJenoc 
the  poles,  after  l>cing  discharged,  t-ake  a  long  time  to  recover  their 
former  tension ;  the  iiile  produces  no  ignition  of  metalhc  wires,  and  dfjt« 
not  readily  exhibit  chemical  action.  It  wa«  oidy  by  emplojnng  platcsa  ol 
greater  size  than  those  generally  used,  that  Bohnenberger  obtained  a  slight 
decomposition  of  water. — The  pile  when  jK.Tfectly  drj'  gives  no  BtOTB 
electricity  (Parrot,  11.  Davy),  and  the  ipmntity  which  it  jnelda  ia  griMUcr 
in  pro|Kjrtion  to  the  quantity  of  moi.sture  which  it  contains.  (Parrot.)  If 
the  pile  be  dried  by  surrounding  it  with  chloride  of  cuKuuni,  juid  n%i«unjf 
itfl  tcin[>erature,  it  will  afterwards  exhibit  no  electricity  at  opii'  i- 

tn'ratures,   but  will    become  electrical  when    heated.      At   teii  ,  •« 

(ctween  70°  and  75",  the  tension  of  tlie  poles  is  even  greater  tlian  iu  an 
un<lried  pile  at  ordijiary  temjieratures.  But  when  the  indos  haro  tMwn 
discharged,  Uie  accumulation  of  ek-ctricity  in  the  dried  pile  is  nmcii  slower 
than  in  one  which  has  n«)t  been  perfectly  dried.  (Jiger.) 

In  the  undried  pile  also,  the  tension  of  the  tKiles  in  incn^used  by  h«ftt- 
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irig-  to  24'^ ;  the  ajiplication  of  a  Btrongf3r  hp'st  produces  no  perceptible 
increase  of  tcimiori.  In  vacuo,  the  pile  exliiliits  the  8aiiie  tension  ti»  in 
the  iiir.  If  th*-  positive  ix»le  he  ciiimecteil  with  llie  ciuiiluctor  nf  an  elec- 
trical rnftchine,  the  negative  electricity  of  the  op]tosite  pule  sinks  to  0; 
but  when  the  ueg-ative  pole  ia  connected  with  the  cunductor,  (lie  tension 
of  the  [uifciitive  pule  increuses.  (iJnnne.)  After  tlie  lapse  of  some  time,  the 
titi  of  the  silver  pajier  bec<;mc8  dull  and  tanjibJied  (11.  Davy),  and  the  pile 
gradually  loses  tin;  wh(4e  of  its  jw^wer.     (Jiijji'er.) 

C'onip.  Zamboni  (Gilb.  60,  151);  Heinrich,  SchiJbler,  Sclnveip'per 
(Schw.  l.'»,  113,  126,  132);  Jiiger  {Gilb.  62,  227);  Domie  {Ann.  C/nin. 
Phya.  42,  71, — abstr.  Sdiw,  68,  yi);  HoBeuchtild  (Pogg.  43,  193,  atid 
440). 

3.  Batteries  consisting  of  one  Metal  and  one  Liquid, 

If  square  pieces  with  long  tiiils  be  cut  out  of  zinc  or  tiii-foil,  and 
placed  in  aliout  tliirty  wntch-ghisscs  fillet!  with  water,  and  aiTanged  near 
one  atiotbci*,  tsu  that  a  H«juare  may  lie  in  mn;  wsitch-glauB  and  the  strip 
attached  to  it  in  the  uext, — and  cnuBCipicntly  each  watcli-glaK.s,  excepting 
the  first  and  last  may  contain  a  square  and  a  strip  belonging  to  twu  dif- 
ferent pieces  of  metal, — the  arrangement  thus  produced  will  }>e  Zarnhmii's 
Filr  of  two  Eternents,  In  such  a  case,  acc^>rdhig  to  Zamboni,  the  first 
watcli-glasB  into  which  the  first  square  dips,  or  the  pole  towards  which  all 
the  sqiiarcH  are  directed,  is  negative,— and  the  last  watch-gWs  into  which 
the  last  8trij>  di])B,  or  the  |H)le  towards  which  all  the  strips  are  directed, 
positive.  With  copper-fi>il,  the  opposite  arrangement  of  the  poles  takes 
place.  [According  to  this,  the  piece  of  zinc  or  tin  nf  greater  surface  must 
be  negative  towards  that  of  smaller  Rurface,  and  the  contrary  with  cop- 
per.] Rut,  accxudiufr  tti  Ermiui,  the  positive  pole  in  the  zinc  fnil  an^ange- 
ment  is  that  towards  whicfi  the  squares  are  direcled,  and  the  negative 
]>rite  that  towanis  which  all  the  jK)ints  are  directed;  the  contrary  with 
eilver.  According  to  Ernian,  also,  the  current  continties  for  two  days  only 
at  the  utmost,  and  may  then  be  reproduced  for  a  shorter  time  by  the 
addition  of  common  Ball  to  the  water. 

If  piccefl  of  so-called  gi>!d-paper  (or  silver-pajK-r)  bo  formed  into  a 
pile,  the  uietalltc  jhiIc  of  tliia  pile  is  jMisitive,  the  jmiM-r  pole  negative, 
(Eriiian.)  [Is  the  surface  of  the  metal  which  ia  turned  towards  the  pajK-r 
less  HUH  Kith  than  the  outer  surface '?] 

If  ei}!;hty  zinc  plates,  4  square  inches  in  surface,  poUshed  on  one  sido 
and  nnigh  oti  the  other,  be  jilaced  iii  a  wooden  trough  at  the  distaiice  of 
1  er  2  miiliinetres  fr<«m  one  another,  so  that  they  may  be  separated  by 
thin  strata  of  air,  and  ony  pc»Ic  of  this  pile  be  connected  with  the  electro- 
B<'o|M*,  the  other  with  the  ground, — the  electroscojK?  receives  a  considerable 
charge.  The  two  Burfaces  of  the  zinc,  being  of  dilTerent  degrees  of 
smoothness,  act  like  two  nietala,  and  the  film  of  air  8«[»i>licB  the  place  of 
a  liquid.  (Watkius,  Pogg.  14,  386.)     [ThiH  deserves  verification.] 

On  filling  a  numlver  of  copper  vessels,  1,  2,  3,  4,  o,  fi,  7,  8,  with  diluto 
sulphuric  acid,  ctmnecting  1  with  2,  3  with  4,  5  with  G,  and  7  with  8,  f>y 
means  of  brass  wircF, — on  the  other  hand,  2  with  3,  4  with  5,  and  6  with 
7,  by  means  of  bundles  of  thread  saturated  with  salt-water, — and  heating 
only  the  vessels  1,  3,  •'>,  and  7, — a  current  is  produced,  fiuflicient,  when 
fourteen  vessels  are  used,  to  decomjtose  water,  if  the  electricity  be  con- 
ducted through  that  liquid  by  me.ine  of  brass  wires.  Ah  the  heated  veseeltj 
c«x>l,  the  currcut  coaecs.  (Schweigger,  .V,  Gcfil.  9,  704.) 
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4.  Batteries  consisting  of  one  Metal  and  two  or  three  Uqvuds. 

If  a  number  of  U-tubcis  {App.  5)  bo  filled  on  oue  side  with  oonoen- 
tratcd,  on  the  other  with  dilute  sulphuric  or  nitric  acid,  and  connected  by 
arcs  (if  the  same  metal  dipping  into  the  liquids — e,  g.,  tin,  lead,  iron,  cop- 
per, nr  silver — an  ffiicieut  battery  is  obtained.  With  sulphuric  acid  and 
iron,  positive  electiicity  gnea  from  the  on«l  of  the  arc  which  dips  into  tl» 
dilutt'  Jicid  to  that  which  dips  into  the  strong  acid;  the  contrary  with  tin 
nn<l  siiiphurio  acid.  {Faraday,  p.  400.) 

If  one  end  of  the  copper  arc  be  immersed  in  solution  of  Hv«t  d 
f^nlphur,  the  other  in  dihitc  Kiilphurio  acid,  the  solution  of  Uver  of  su}i)biir 
being  connected  with  the  acid  by  a  film  of  solution  of  common  salt^  a 
powerful  battery  is  produced,  (II.  Davy.) 

In  s  pile  coneisting  of  the  following  elements — cloth  saturated  witii 
water,  plate  of  metal  (lead,  trG]>iK'r,  or  silver  plates  answer  best),  c-lotli 
ei>aked  in  solution  of  Uver  of  sulphur,  eli4h  sttaked  in  water,  plate  of 
metal,  &c.— poeitivc  electricity  goes  through  the  metallic  arc  from  the 
element  to  the  first.  (H.  Davy.) 

5.   Groves  Cku  Battery. 

%..  This  battery  conHists  of  a  aeries  of  tubes,  containing  strips  of 
tinuni  foil  covered  with  a  pulverulent  deposit  of  the  sanic  metal. 
tiibi'S  are  arranged  in  pairs  in  sejiarate  vessels  of  dilute  sulphiuicactd; 
and  of  each  pair,  one  tube  is  clmrged  with  oxygen  and  the  other  with 
hydrogen  ga«,  in  quantities  such  aa  to  allow  the  platinum  to  project  above 
the  dilute  acid  into  the  atnirwpliere  of  gas  in  the  upper  pjirt  of  the  tu' 
The  platinum  in  the  oxygen  of  one  pair  is  metallically  connected  with 
platinum  in  the  hydrogen  of  the  next;  and  thus  a  series  may  lie  com 
of  any  number  of  pairs. — A  battery  of  four  cells  constructed  in  this  mi 
ncr  will  decompose  acidulated  water ;  a  single  cell  will  decompo€io 
of  potassium ;  and  twenty  pairs  will  produce  very  powerful  eflfect«,— fluch 
as  giving  a  shock  which  may  be  felt  by  several  pt>rsona  at  once,  prtxlu 
a  brilliant  Ught  l)etween  charcoal  jxiints,  &c.  When  the  poles  are  unci 
nectod,  a  gold-leaf  electroscope  connected  with  either  of  them  is  senidl 
deflected.  W^hen  distilled  water  is  substituted  for  acidulated  water  in 
colls  of  the  batter)',  the  effects  arc  similar  but  more  feeble. 

The  current  of  pf.vsitivc  electricity  pmceeds,  icithin  the  battery^  from  the 
hydrogen  tulx'  to  the  oxygen  tube  in  (he  mime  jntir, — so  that  in  the  «>&«- 
meter ^  the 
becomes 

liyilrogen  in  the  batteiy  tubes  is  the  oxidubic  l>ody,  acting  like  the  zinc 
the  ordinary^  battery.     Both  gases  in  the  battery  tubes  are  al)sorbe<i, 
but  the  hydrogen  iwice  as  fa.st  as  the  oxygen.     It  is  essential  that 
platinum  plates  be  uninei-sed  in  the  gases  as  well  as  in  the  liqui<l : 
%vhen  these  plates  are  made  so  short  as  not  to  project  above  the  U(]uid,  no 
action  takes  place.     The  use  of  the  tintdy  divided  platinum  is,  of  ' 

to  incrc;UM!  the  siu-face  of  contact.  The  rationale  of  the  action  a 
to  be  as  follows :  "  When  the  circuit  is  comjileted — at  eftch  point  of 
contact  of  oxygon,  water,  and  |tlatinum,  a  molecule  of  hy<lrogen  l««ve«  its 
BSBodated  molocidc  of  oxygen  to  uniti-  with  a  molecule  of  the  fit?e  gns; 
the  oxygen  tlms  thrown  off  unites  with  the  hydrngen  of  the  adjomtng 
molecule  of  water;  and  bo  on,— til!  the  lust  tnt»lecule  of  oxygi^n  unites 
with  o  molecule  of  free  bvdri>gen  :— or  we  may  conversely  assume  tliAl 
the  action  commericcs  in  the  hydrogen  tube." 


c  platinuiri  connected  with  the  teiniinal  oxygen  tutie  of  the  battery 
tlie  jxjsitive  pole  or  anode  (vitL  Electrolysis,  p.  431).     In  fact,  tbl 
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Mr.  Gro\'e  likewise  tried  varimis  other  combitiations  of  gxiscs,  viz. 
clilorine  and  hydrogen,  chlorine  and  carbonic  oxidr-,  oxygen  and  nitroin* 
oxide,  oxygen  and  nitric  oxido,  hyfJrntren  mid  riirhoiiic  oxide,  &c. ;  Init 
none  of  them  were  found  ti>  be  iidajited  for  actual  nse  in  the  buttery. 
Chlorine  and  hydrogen  gave  a  jxtweiful  enrrent ;  but  the  r!i[)id  absor|)tion 
of  the  cldorine  soon  put  a  atop  to  the  action.  Chiorinti  and  oxj'j^cn,  on 
the  one  side,  and  hvdro<j:ea  and  carbonic  oxide,  on  the  other,  were  the 
only  ^iftes  which  apjx-ared  to  be  decidedly  cu|iable  of  cotnlnning  eleetro- 
syiithetically,  so  as  to  iiroduce  a  voltaic  current.  The  other  cornbinutiouB 
produced  iio  cfTect,  excepting  for  the  first  few  minutes.  Olcliaut  gtm 
Bhould  perhaps  lie  fxc«'pt<'d :  it  ajiiM?ars  to  give  a  continuous  hut  feebh- 
current.  The  vajMjurs  of  broniuieaiid  iodine,  were  they  less  soluble,  would 
probably  also  l>e  btund  efiicirtit  as  electro-negative  gases,  {rhil.  Mag.  J. 
21,  417  ;  24,  208,  346  and  422.)   f . 

I.  Electricity  developed  by  the  Vital  Process. 

Certain  fi-ahes,  as  Torpedo  nnhitaculnta,  marmorata,  Gnh-ami  (tlic  Elec- 
tric Eel),  and  AWi'c  (tlie  Electric  Ray);  Silurim  rltrtnciis ;  Tetraodtm  elir- 
tn'aiK,  and  Gi/imiotvn  elcctricus,  have  the  jMiwer  of  constantly  generatinj:;^ 
the  two  eltHJtricities  in  their  bodies,  in  large  quantity  and  of  considerable 
tension,  and  imparting  electric  shocks. —  In  (he  Elt'ctric  Itay,  negative 
electricity  prot-eedH  fnnu  the  under,  positive  electricity  from  the  upi>er  sur- 
face of  the  body.  The  eJectricity,  when  conducted  away  by  wires,  acts 
upon  the  niaguetic  neeiUe,  and  decomposes  liquids.  (J,  Davy.)  tS|iark8 
may  also  he  obtained  from  the  electric  Ray  by  means  of  a  peculiar  ap- 
paratus. (Lhniri  &  Matteucci.)  Cump.  ilumboldt  {Aim.  Chim.  Phi/s. 
11,415);  J.  Davy(PA<7.  Tmm.  182[»,  ir>;  also  Schw.  :>7.  17;  also  Po,j<t. 
IG,  ^n-y—Phil  Tram.  1832,  259  ;  also  Pogg.  27,  .042);  Liuari  &  Matteucci 
(Pmiq.  38,  202 ) ;  Matteucci  {Pogg.  39,  486) ;  Linari  (Pogg.  4l),  042)  \  Colhidon 
{Pogg.^%\n). 

H  Faraday  has  examined  the  electric  force  of  the  Gjmnotus.  He 
finds  that  tlie  8ho<?k  is  strongcBt  when  one  hand  i*  ajiplied  to  the  liead  and 
the  other  to  the  tail, — and  dimini.'fhcs  in  force  as  the  (Hiints  of  contact  ore 
iiroiight  closer  together.  The  galvanometer  was  afiV-cted,  and  iodide  of 
pttassiuni  ilccomjjosed — iti  such  a  manner  us  to  show  that  the  current  pro- 
ceeds from  the  anterior  towards  the  i*aterior  part  of  the  fisli.  The  sjmrk 
was  also  obtained  hy  nu-ans  nf  a  magneto-electric  coil.  When  the  shock 
was  strong,  it  waa  like  tlmt  of  a  large  Leyden  batterj'  charged  to  a  low 
dt^gree,  or  that  of  a  voltaic  batterj'  of  |ierha)w  one  hundred  and  ftirty  or 
nwiro  pairs,  of  which  the  circuit  is  eonqjluted  for  a  nHnnte  only.  {PhiL 
'I'ranjt.  183ft,  I,  1  ;  Phif  Mag.  J.  14,  211.) 

The  spark  had  previously  been  obtained  from  a  gyinnotus  by  Fahlbcrg 
and  Guisan.     {De  Gymnoto  electn'co,  Tubingen,  1819.)     %, 


II.  Influence  op  Electricitt  on  tht?  Ciikhical  Nature  ok 
PoM>ERAjiLK  Substances. 

1.  Combitiations  brought  about  by  Electrical  Influence, 

The  combination  of  the  two  electricitieg  often  causes  combnstible 
iMidies,  which  may  be  present  at  the  place  of  combination,  to  unite  with 
oxygen,  chlorine,  &c. 
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To  this  clasa  f>f  effects  hclnnp  the  inflammation  of  a  mixtniv  of  oxffn 
with  lij'ch-opon  or  niher  coimbiistihlc  gases,  or  of  chlorine  witli  hydrnccn, 
I»y  (lie  simple  fk-ctrie  Kjark ;  of  alcohul,  otlier,  ciiltjjihony,  oiitl  gin>ji>«wilfi 
l>y  slifjfht  electric  discliar'^'es  or  by  the  Kimiile  spark  ;  the  burning- nf  varvm* 
itietals  in  the  form  of  lliin  win.'  or  fi*il,  when  the  eoiuhinatioti  of  Uie  Iwv 
electricities  takes  phu-e  within  their  suhstaiKx;,  and  of  charctjal  by  Ktnmf 
electric  8h(»ck8  or  by  the  g-;iK miic  battery ;  and  the  combination  of  nitrogen 
with  oxyycii,  when  electric  BjKxrks  are  made  to  pass  for  a  hmg  tiinr 
thmng-h  a  mixtiu'e  of  those  two  gases.  According  to  Faraday,  lorgc 
electric  sparks  passed  over  litmus  paper  pnxiuce  nitric  acid  sufBdent  Ut 
redden  it. 

Tn  most  of  these  cases,  electricity  appears  to  act  by  the  developawot 
r>f  heat  which  accompanies  the  union  of  its  two  kinds :  it  must,  hv»wctw, 
act  hi  a  different  manner  in  the  eonibinatiou  of  oxygen  and  nitrog«'n,  smn 
this  combination  is  not  effected  by  heat.  In  this  cA.se,  as  in  tlie  inllan- 
mation  of  hydrogen  by  a  small  electric  spark,  the  coniprossion  whidk 
the  gaRes  eustaiu  in  the  pasnagu  of  the  spark  must  also  bo  taken  iot* 
account. 

2.  Decomposituxns  produced  by  the  action  of  Elcctricitif. 

AVhen  the  two  electricities  are  made  to  enter  a  compound  body,  citlMr 
Bolid,  Tnpiid,  or  gsiRoons,  which  is  not  a  perfect  conductor,  the   com 
is  fre(|ue»tly  resolved  into  its  elements. 


ipood 
urges. 


A.    Decompositions  produced  by  repeated  Electric  Dischaig 

Wlien  the  combining  nlectricitioa  are  endued  with  high  intensity,  ud 
their  union  tnkes  plare  in  the  form  of  a  snccession  of  sparks  in  a  oom- 
[MMind  gurt  or  a  corn|M»und  Holid  body,  deconi[Ki«iti<m  of  the  compituad 
often  tnkes  place.  This  efTe<;i  may  in  some  cases  be  due  to  the  high 
tetn{»eratnre  produced  by  the  eh-etric  discharge,  since  many  of  theae 
compositions  may  also  bo  produced  by  heat ;  but  this  is  nol  always 
case. 


«i 


Kejieated  discharges  from  the  common  electrical  battery  dccoiupoM 
f>xide  of  mercury  into  mercury  and  oxygen  gas.  Bonnijol  deconipttfed 
chloride  of  silver,  and  even  hydrate  of  potash  enclosed  in  glass  tubes,  bjr 
relocated  electric  sparks  ;  the  silver  sejiarated  in  ten  miuutcB ;  tiio  potai* 
slum  Unnit  immediately  aft/fr  sejuiration. 

(Jontiinied  discharges  fmm  the  common  buttery,  or  even  simple  elec- 
tric sjjarks,  partially  dccomposr;  carbonic  acid  gas  mto  oxygen  and  car- 
bonic oxi<le,  olefiant  gas  and  light  carburett«.'d  hydrogen  into  rarlKin  and 
hydrogen  g.is, — likewiso  phosphurctted  hydrogen,  sulphurettotl  hy«lroirrti, 
liydrindic  iwid,  hydrochloric  acid,  and  annnoniucAl  ga«es,  into  pi 
Bulphur,  i(jdine,  chlorine,  and  nitrogen,  on  the  one  hand;  and  \\\ 
the  other. 

B.    Decompositions  produced  by  the  continuous  Discharge 
Electricity  of  small  Tension. 

If  the  two  electricities  proceeding  from  the  poles  of  a  voltaic  batte^ 
or  any  other  suitaldc  source,  be  made  to  flow  through  two  good  condi 
t(»r8,  not  in  contact  with  each  other,  into  a  com|H)uiid  liquid,  Uie  tlir 
following  cases  may  arise. 
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1.  Tlio  liquid  comlncts  the  doclric  eurront  very  well,  and  pivca  pap- 
Bage  to  it,  without  ini<K'rt,'<'iriK  any  altcralinti. — This  is  the  case  with 
solutions  of  variouH  metaln  in  tncrcury,  and  with  fused  alloys. 

2.  It  coinj)letoly  Htn])8  the  current,  and  suffers  no  dfcnnijiosition :  if, 
linwevcr,  the  clictrinity  jjossosses  great  inteuBity,  it  may  force  a  passage 
uiuchanically  throu<j^h  the  Hcjuid. 

3.  The  liquid  uHuwh  mart;  or  luss  readily  the  continual  inf^rcss  of  the 
two  elect riuitii'S,  hut  is  at  the  same  time  decomposed;  and  only  in  hu  far 
as  the  dec<>ni(K>»ition  goes  »in,  is  the  passage  of  (he  rnrrent  pnnsible, — so 
thai  the  (apparent)  coudueting  power  of  the  liquid  is  directly  pn'portinna! 
to  its  deconqxtsibility,  or  else  identieal  with  it. — To  this  elass  belong  all 
hquids mentioned  on  pa|C^e  311,  under  tln^  bead  I',  with  the  cxeejitiou  of 
fu-wd  protitMiide  of  mercury,  which  conducts  weU  without  being  decom- 
posed. 

All  phases  act  as  non-conductors,  am!  arc  not  deeomposible  by  o\eC' 
tricity  of  small  tension.  Solid  eomjiounds  likewise  resist  decomposition, 
ill  consequence  of  the  iiiiniobility  "f  their  particles,  excepting  when  they 
are  in  contact  with  li<pud.s  on  wliich  tin-  electric  current  acts. 

In  the  decomposition  of  liquids  of  class  3,  the  elements  are  always 
liln-rated  close  to  the  conductors  by  which  tlie  two  electricities  are  in- 
trodui-ed. — and,  acA-ording  (o  their  different  iiatun's,  are  either  evolved 
in  g-as-bubbles  or  de|.M»HJled  in  the  snlid  t'orin,  or  dissolve  in  the  luide- 
conqM»sed  portion  of  the  liquid  suirriniiding  the  conductor,  or  combiiio 
cheniicatiy  either  with  the  conductor  or  with  other  elements  of  the  liquid, 
thereliy  yiving  rise  to  SecomUiry  Products. 

The  two  go(irl  conductors  by  which  the  two  electricities  are  intro- 
duced into  the  liquid  are  the  Fo/^tr  Conditctors,  Polar  Wireg  (they  may, 
}iawevcr,  consist  of  charcoal,  graphite,  or  mercury),  or  Faraday's  Elec- 
trtMles. — The  conductor  whicli  introduces  the  jx)sitive  electricity  is  the 
Pmitive  Pi<(ur  H'lVf,  Faraday's  Anode.  Smee's  Oxode,  Graham's  Zincadc  or 
Zlnciild. — The  coudiii'tiu"  which  introduces  the  negative  electricity  is  the 
NeyatiDe  Politr  Cfnidurtor,  Faraday's  Cfitftodg,  Smce's  Hi/droffodi\  (Jrahani's 
Platintfde  or  Chhn-old. — The  liquid  decomposed  by  the  electric  current  is 
Faraday's  EUctrobite,  and  the  deconip<isition  produced  liy  electiicity. 
Electro'/ i/.tis. — The  elements  of  the  liquid  evolved  on  the  polar  conductors 
are  FaiiKhiy's  /o/w;  the  electro-negative  elements  evolved  at  the  jmsitive 
condtictor  or  amxle  iH'iiig  called  Anii>iis,  and  the  electro-[>ositivc  elenients 
evolved  ut  the  negative  conductor  or  cathode,  Ctitions. — The  vessel  in 
which  the  decomposition  of  the  liquid  takes  place  is  calle«l  the  Decompfmiig 
Cell. 

[Electrolytes  must  be  regarded  as  non-condiictorH,  which,  though 
they  may  be  brt»ken  through  by  electricity  rtf  high  tension,  will  not  allow 
electricity  of  low  tension,  to  pass  quietly  through  tbcin.  In  the  hitter 
case,  therefore,  the  two  electricities  are  imable  to  combine  with  one 
another:  but  they  may  unite  with  the  elements  of  the  liquid.  It  has  been 
assumed  (pp,  ir>7  atid  342)  that  hydrogen,  when  in  the  free  state,  contains 
iiegsitiveelcctricity,  and  oxygen  positive  electricity  combined  with  it — and 
that  when  these  two  bodies  unit*,  tlie  two  electricities  combine  together 
and  fttrm  heat,  which  is  partly  set  free,  and  jKirtly  perha]is  remains  com- 
bined with  the  water.  Now  when  negative  electricity  acts  on  one  part 
of  the  water,  and  p*J6itivc  electricity  on  another,  the  former  unites  with 
the  hydrogen  of  the  contiguous  atom  of  water,  the  latter  with  the  oxygen 
of  another  atom  of  water:  hence  hydrogen  gas  is  evolved  at  the  cathode, 
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and  oxyg'cn  at  tlie  anfKlo.  The  electric  fluids  entering'  the  Hquid  with  ■ 
c<»rtain  teuHJon,  and  in  a  certain  quantity,  their  affinity  for  oxyg^en  and 
hydrogen  overcomes  tlic  mutnnl  attraction  between  those  clement*,  »rmf- 
what  in  the  same  manner  as  the  increased  affinity  of  caloric  for  carlKmic 
acid  at  a  reel  heat  decunnmses  carbonate  of  lime.  Mor*Hiver,  wblkt  u 
atom  of  hydrogen  is  evolved  at  the  negative  conductor,  and  aui  atom  at 
oxygon  at  the  (xwitive,  a  traiisjHisition  of  atoms  (as  described  at  p.  S4S,/) 
takes  place  thronglitnit  the  row  of  atotuw  of  water  lying  between  Ihwr 
points:  so  that  the  liijuid  in  the  middle-  romaina  (^niet,  and  no  trausfenooi 
of  matter  from  one  L-lectrode  to  the  otfier  can  l>e  detected.  The  eTMtCC 
however,  the  distance  between  the  points  at  which  the  electrodes  dip  iota 
the  liquid,  and  the  greater,  theiefore,  the  number  of  atomn  which  niiut  l» 
transposed,  the  higher  will  be  the  electrical  tcusioD  required  to  ovrrorjoi 
this  resistance. 

Ah  with  water,  bo  also  with  all  other  electrolytes  ; — their  catiao,  k 
metal  for  example,  reaumos  the  negative  electricity  which  it  hadlOfltOi 
combining  with  the  anion,  such  as  chlorine,  bromine,  iodine,  &c^ — v»i 
this  again  resuraott  its  positive  electricity.  In  all  these  cases,  the  M«g^ 
tive  electricity  wtiich  the  coition  takes  up  must  corres{)Ond  to  the  p«ieitif» 
electricity  taken  up  by  the  anion, — that  is  to  say,  the  required  quantiliei 
of  electricity  must  be  to  one  another  in  the  proportion  in  which  tney  oaak> 
bine  to  form  heat. 

When  the  oxygen  liberated  at  the  anode  is  not  evolved  as  gas  hot  COB- 
bines  with  the  anode — e,t^.,  when  the  latter  consists  of  zinc — we  nay 
Buppose  that  the  negative  electricity,  as  it  is  set  free,  combines  with  tlw 
fjositive  electricity  prnceeding  hmn  the  battery,  and  that  Ln  thi8  case  li» 
decomposition  is  effected  by  the  affinity  of  negative  electricity  fcr 
hydrogen  ami  of  zinc  for  oxygen. 

According  to  this  view,  electrolytes  are  not  really  conductorB, — Uwy 
do  not  jiermit  the  combination  of  the  two  electricities, — no  electric  cturenl 
passes  through  them, — but  their  elements  continually  take  up  the  eli?ctiw 
fluids  as  they  enter,  and  thns  give  rise  to  a  constant  current  in  the  elflP* 
trodes.  The  apjiarent  conducting  power  of  electrolytes  is  greater  thtT*' 
fore  in  proportion  to  the  faciUty  with  which  they  are  decomposed,  thatil 
to  the  rapidity  with  which  their  elements  take  np  the  electric  flnidB  pn>- 
ceeding  from  the  battery,  and  separate  from  the  liquid. 

We  are  at  present  «nable  to  explain  why  pure  water  resists  the  traiw* 
position  of  its  atoms  with  greater  force  than  water  combined  with  acids  or 
salts.] 

[The  theory  here  given  of  decomposition  by  the  electric  riirrent  i«  in 
the  main  the  aarae  as  that  of  Grotthuss.  {Ann.  Cfiim.  M,  (>5 ;  6S,  SI.) 
That  philuBopher  likewise  sup|Kised  tluit,  in  the  decomposition  of  water, 
}K»8itive  electricity  combines  with  the  oxyg<:n  of  the  atom  of  wat<>r  I^ 
next  to  the  jxisitive  wire,  and  negative  electricity  with  the  liydrogeoi 
the  atom  of  water  next  to  the  negative  wire,  an<l  tliat  betwinm  tl^ 
poles  traris|>o8iti«tu  of  atoms  takes  place.  The  production  of  flame,  wl 
accomjianies  the  combination  of  oxygen  and  hydrogen  gas,  wa«  like 
attributed  by  Grotthuss  to  the  coml>ination  of  the  jM^sitive  electricity 
the  oxygen  with  the  negative  electricity  in  the  hydrogen.  The 
difference  Ix'tween  his  theory  and  the  preceding  is  that  he  sappoflM  a 
linear  tranH{>osition  f»f  atoms  to  take  ])lace  (something  like  that  repf^ 
Bontetl  In  Apj>.  3.S,  instea<l  of  a  semicircular  up  and  aown  motion.  fSr 
II.   Davy  (Oi/A.  28,  351)  and  W.  Henry  (.!»».  PhU,  1,  4C,'i)  propoanded 
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Views  Bimilar  to  that  of  Orotthuss.     Bea|uerel  (Aim.  Chim.  Phys.)  8up- 
p(>808,  as  I  do,  that  the  atoms  move  in  scmiciroles  one  over  the  other. 
According-  to  Faraday  (P,^//.  Trans.  1833,  TL,  075;  also  Po<7^,  32,  401), 
"wlio  admits  but  one  kind  of  electricity,  electrolytic  dcconifxjsition  is  the 
result  of  a  peculiar  corpuscular  action  develojwd  in  the  liirection  of  the 
current;  it  proceeds  from  a  force  which  is  either  added  to  the  aflhiity  i»f 
the  bodies  prcBcnt  or  dctennines  the  dii"ectiou  *>{  that  force.     The  deeom- 
|x>8ing  body  ia  a  mass  of  actiii;^  particles,  of  wliich  all  that  he  in  tho 
course  of  the  current  contribute  to  the  terminal  Hctt()n ;  and  in  conse- 
quence of  the  affinity  between  tiie  elementB  l>oing  weakened  or  partially 
neutralized  by  the  current,  farallel  to  its  own  course  in  one  direction, 
and  streng'tliened  and  assihted  in  the  other,  the  combined  part iclcs  acquire 
a  tendency  to  move  in  different  directions.     The  particles  of  one  element 
a  cannot  travel  from  one  |tolc  to  the  otlier,  unless  they  meet  with  particles 
of  an  opposed  substance  b  ready  to  move  in  the  op|K)sitc  direction.     For, 
in  consequence   of   their  increaaed  affinity  for  these  particles,  and  tlie 
diuiiuntion  of  their  affinity  fur  those  which  they  have  left  Iteiiiud  them  in 
their  way,  they  arc  continually  driven  fi»nvard.     Faraday,  therefore,  like- 
wise  supposes    a  transposition    of   particles.     According  to  l)e  la  Kive 
(jdrt/i.  Vhim,  Fhi/9.  28,  190),  the  positive  electricity  which  eiitertv  a  liquid — 
water  for  example— condiines  with  the  hydrogt^n,  setting  the  oxygen  free, 
and  carries  the  hydrngL-n  rapidly  along  with  it  through  the  whole  mass  of 
liquid  till  it  reaches  the  negative  wire;  it  theri  enters  the  wire,  while  the 
hydrogen  combined  with  it  escapee  in  the  form  of  gas.     At  the  same  time, 
the  negative  electricity  procCH.'ding  from  tljc  negative  wuro  liberat<'8  hy- 
drogen from  (he  contiguous  atom  of  water,  carries  the  oxygen  of  the  same 
atom  over  to  the  positive  wii'e,  enters  the  wire,  and  sets  the  oxygen  free. 
Hence  the  nxygen  gas  evulved  at  tlie  pr^gitive  jxile  [miceeds  from  two 
sources — half  from  tlie  i>ositivo,  and  half  from  the  negative  current ;  simi- 
larly with  respect  to  the   hydrogen  gap. — This  view  is  mainly  liable  to 
the  objection,  that  when  the  iM>lar  wires  dip  into  twodilTerent  liquids,  tho 
anions  of  the  liquid  which  is  in  contact  with  the  negative  wire  usually 
require  a  long-Cdiitiinied  action  of  the  current  to  bring  them  to  the  positive 
pole,  and  sometimes  do  not  reach  it  at  all ; — similarly,  with  regard  to 
the  passage  of  the  cations  of  the  other  liquids  towards  the  negative  jyole. 
For  example,  when  solution  of  sulphate  of  magnesia  is  placed  in  cj.itita<;t 
with  the  positive  p(*le  and  water  in  contact  with  the  negative  ]")le,  no 
magnesia  is  set  free  at  the  latter,  the  whole  of  that  substance  being  pre- 
cipitated at  the  surface  of  separation  of  tiie  two  liquids,     Accurding  to 
Biot,  a  liquid  placed  in  the  voltaic  circuit  divides  itself  into  two  hidves, 
one  of  whidi  ac(|nirc8  a  [jiisitive  the  other  a  negative  el(;etrical  tension. 
Each  element  of  the  liquid  tlien  gm's  towards   that  side  which  is  charged 
with  the  kind  of  electricity  opjxjsite  to  its  own,  and  thtm  decoiiiposition 
ensues.     But  the  evnhitiou  or  precipitaliun  of  the  elements  doos  not  take 
place  thnjughout  the  two  halves  of  the  hquid — but,  for  the  aiost  part,  solely 
it  the  polar  wires.] 

Electrolytes,  Ions,  and  Products  of  Decomposition  in  general. 

According  to  Faraday,  only  those  compounds  of  the  first  order  are 
lirectly  decoaiposibie,  which  c<tntain  one  atom  of  one  of  their  elements 
r-eat;li  ato(u  of  the  other, — «.  y.,  cnnqxmnds  of  1  At.  hydrogen  or  metal 
ith   1   At.  of  oxygen,  iodine,  bromine,  chlorine,  tinorine,  or  cyanogen, 
On  the  other  hand,  boracic  acid  (BO*),  8uIphui*ou8  acid  (SO'),  eul-. 
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phuric  acid  (SO*),  iodide  of  sulphur,  chloride  of  phoephnnia  (PCF)  tui 
(PCI*),  chloride  of  sulphur  (S»U1),  chlorido  of  carbon  (C*t:i«),  bvchUidf 
of  tin  (SiiCl*),  terchloride  of  arsonic  (AsCl'),  quintochloride  of  autiniooj 
(Sb(Jl*),  and  acetic  acid  in  the  liquid  but  anhydrous  state^  are  uudecoiD- 
posibte  and  act  us  non-cniiductors.  Oxide  of  antimony  and  torchloride  d 
autiinouy,  which  are  decomfjowible  in  the  fused  state  (the  latter  howtra 
but  slightly),  form  an  exception  not  yet  explained;  so  likcwiije  d«*«ito» 
tiode  of  mercuiy  (Ilgl),  which  in  the  melted  stale  conducts  witlioul  nf* 
fcring'  decomposition. — Al!  conipouncLj  which  are  decom|K)8ible  irhca 
dissoK'cd  in  water,  behave  in  tine  Hame  manner  when  fused.   (Faradav.) 

Connell  found  that  when  the  electric  current  was  conducted  intn 
fused  iodic  acid  (HJ*),  the  galvanometer  was  deflected  and  the  add 
dec^imposed :  lie  considcrB  however  that  the  decomposition  may  bo  tk 
result  of  heat,  inastmuch  as  the  fusing  and  decomposing'  points  of  Uie  tai 
are  near  to  one  another.  Liquid  ammonia — possibly  from  contaiiuD^i 
trace  of  water — conducts  Rlightly  the  electricity  of  a  battery  of  250  pain, 
BO  that  an  agitation  l»  ]>CTceptible  in  it ;  but  water  {ilacod  in  the  OHM 
circuit  is  not  deconi|Mifted.  (Kemp.) — Liquid  cyanog-cn  does  not  ooodMt 
the  electricity  of  a  liatterj'  nf  3U0  pairs  of  plates.  (Keuip.) 

Of  tlie  elements  (and  Bubstances  like  ammonium  and  oyajiogen,  whicli 
replace  Uiem  in  their  combinations),  srune  are  aJways  evolved  at  tbt 
negative,  others  always  at  the  positive  p<jle,  with  whatever  other  •ttb* 
stance  they  may  be  combined  : — hence  they  are  divided  into  ^tfTT*i 
which  are  evolved  at  the  negative  electrode,  and  anions  which  areevnhvd 
at  the  positive  elect riKle.— The  Ant'oiut  are:  Oxygen,  fluorine^  ehlorioe, 
bromine,  iodine,  and  cyanogen, — [trobably  also  sidpbur,  Heleiiium  and 
Bul|»ho-cyanogen  (For  the  acids  also  incltuied  in  this  class  by  Faradaf, 
fid.  Decomposition  of  Sult»). — The  Cutiotts  are  :  llydrogt?n,  the  atkafi- 
metals,  magnesium,  manganese,  antimony,  bismuth  (?),  zinc,  oulniiuin,  tin. 
lead,  iron,  cobalt,  nickel,  copper,  mercurj',  silver,  gold,  platintim  (uui 
ammunium).  The  saliiiable  bases  are  also  classed  by  Faraday  iinder  tl^ 
head  {rid.  Decomposition  of  StUls). — All  the  elements  are  probably  ioMt 


but  with  respect  to  eomo  among  tkein,  nothing  has  yet  been  detomiiaid 

by  exix^riment.  (Faraday.) 

It  is  necessary  to  di.stinguish,  as  Faraday  does,  between  dinct  and 
iTitlivfct  d(:ronq>osition  by  the  electric  current.     The  former  arises 
the  immediate  action  of  the  current ;  but  the  sulwtanccs  theit'by  Hi 
at  the  electrodert,  may,  when  the  liquid  is  a  mixture  of  several  . " 
exert  a  decompjaing  a<ition  on  a  comjiotind  itpnn  which  the  i.  . 
not  act  directly.      Thus,  aqueous   anmionia  is  resolved    by  thu 
current  into  hytlrogen  gas  at  the  negative  and  nitn)gen  gas  at  the 
pcAc.     It  may  be  KUitjMJsed  that  the  water  alone  is  directly  decora] 
and  that  the  oxygen  8e|)arated  at  the  ftositivc  jx>ic,  abstnicts   h 
from  the  ammonia  and  sets  free  the  nitrogen  of  the  same  con  ft 

cannot  however  be  (Kvsitively  determined,  either  in  thia  or  in  i  tlirt 

cases,  which  decomposition  is  direct  and  which  indirect. 

Degree  of  Decomposttiotu 

When  the  electric  current  continues  for  a  sufficient  length  of  \}mf>, 
the  decomposition  is  cojuplete.     If  the  two  I'lectricities  be  ci>ttdiictod 
two  cups  cojitaining  dilute  solution  f>f  sulphate  of  iKitash,  and^cnnoe 
by  a  juoisteiied  wick  of  asbeetoa,  which  is  washed  twic^a  day,  ao  tlii 
salt  may  be  deposited  upon  it, — the  positive  cup  in  founi^  aft«r 
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days  to  cotitaiu  all  tlie  sulpLtiric  add,  and  tUc  iiogativo  cup  all  the  potasli. 
(II.  Davy.) 


I 


Placs  of  Decomposition. 


The  separation  of  the  ions  takcB  place  oa!y  iii  t!»e  immediate  neig^hbour- 
hood  of  the  electrodes,  not  at  any  part  of  the  hqwid  at  a  distance  from 
thetn.  (TL  Davy,  Du  la  Kive.)  If  a  solution  of  common  salt,  coloured 
with  infusion  of  violets,  be  divided  into  three  |x)rtioii8  by  two  membranous 
partitions — the  eletitrodes  dipping  mto  the  outermost  divisions — tlie  co- 
lour of  the  litptid  changx^s  iii  these  divisions  alone,  not  in  the  middle. 
(De  la  Rive.) 

Wlieii  a  number  of  cuiTonts,  either  equally  or  unequally  strong,  pass 
einudtaueously  through  tho  same  hquid,  either  m  the  same  or  in  opixisite 
directioua,  neither  of  them  is  disturbed  by  the  rest.  (Mariaiuiii.) 


I 


Elation  bettceen  tlie  Qfiantity  of  the  Electric  Current  and  the  Quantity  of 

Liquid  decomposed. 


A  battery  which  retains  a  platinum  wire  -j^j  of  an  inch  thick  in  a  state 
of  constant  ifj^iiitinn  during;  the  ivholL'  time  occupied  by  the  decomposition, 
decomiKJ.scs  one  prain  of  water  in  3f  minutes :  this  quantity  of  electricity 
is  perhajJS  equal  to  that  of  a  powerful  strukc  of  lightning,  (i'^iraday.) 

The  quantity  of  electricity  whicii  enters  tho  liquid  is  directly  pro- 
portional to  the  quantity  of  liquid  decomjxiBcd.  Ilence,  the  quantity  of 
electricity  in  the  cuiTeiit  may  be  determined  frum  the  quantity  of  the 
products  of  decomposition,  (Faraday,  Dc  la  Rive.)  The  greater  there- 
fore the  (juantity  of  electricity  which  the  apparatus  enqiloyed  yields  in  a 
piven  time,  the  greater  will  be  the  quantity  of  liquid  decomposed,  pro- 
vided that  the  electricity  pjisscsses  the  requisite  tensicm,  Ueuce  the 
batteries  of  Grove,  Daniell,  Sturgeon,  Sraee,  and  others,  have  the  strongest 
decomposing  action,  tlie  electrical  machine  the  weakest. 

Faraday's  Volla-electromtter  or    Vullameter.     Into  the  lower  part  of  a 
graduati-il  tube  closed  at  the  top  {App.  28)  are  inserted,  opposite  to  each 
other,  two  platiniim  wires,  to  the  ends  of  which  are  attacned  two  small 
plates  of  platinum  placed  upright  in  the  tube.     The  open  end  of   the 
t(il>e  is  inserted  into  one  ayierture  of  a  vessel,  twu-thivds  filled  with  dihite 
sulphuric  acid  of  sp.  gr.  from  r25  to  l'3iH!,  the  otlier  afterture  being 
closed  with  a  stop|x?r.     The  tube  is  filled  with  liquid  by  inverting  the 
appwiratus.     It  is  then  placed  ujtright,  and  the  two  platinum  wires  con- 
nected with  the  poles  of  the  Lattery,  in  order  to  tJetermine  the  quantity 
of  detonating  gas  evidved  in  a  given  time.     The  decomposition  must  not 
be  allmved  to  go  on  long  enough  to  bring  the  gas  in  contact  with  the 
platinum  plates,  because  these  jilates  wciuld  give  rise  to  a  slow  re-uuioa 
if  the  gases. — In  many  liquids,  as  in  hydrochloric  acid,  only  hjclrogen  gas 
as  to  be  collected,  in  othere  only  oxygen,  as  in  the  case  of  sulphate  of 
pper.     In  tjuch  cases,  the  voltameter  may  be  formed  of  a  graduated  tuln', 
viiig  a  platinum  Avire  inserted  into  its  upper  and  closed  end,  tilled  with 
e  liquid,  and  inverted  in  a  glass  vessel  into  which  the  other  electrode  is 
tro<Juced  {Ai>p.  29).     Other  arrangements  are  likewise  described  by 
araday. 

Whether  th^uantity  of  electricity  in  the  current  be  measured  by  tho 
oltameter  or  by  the  galvanometer  (in  proportioa  to  the  tangent  of  the 
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In  another  experiment  of  Yelin's,  the  platinum  or  silver  first  immcraeil 
in  Huljthuric  arid  wuh  nt'f^nti'i'e.  [Many  aocidfiital  circHm .stances  may 
have  influenced  the  results  of  the  Friregoinp  tat'Ie  ;  it  is  remarkable  that 
the  actions  in  p<^)tasli  and  soda  often  exhibit  op|K)Hitc  eharact<»ni.  Tho 
negative  reaction  of  the  piece  first  immersed  in  sulphuric  acid  is,  howetrefr 
coDBtant.] 

If  two  pi<x)e8  of  zinc  are  BucoeBsively  immersed  in  hydrochloric  add,  ihe 
piece  first  immersed — which  \»  [mRitivc— retains  this  character,  even  when 
both  piticeB  are  taken  out  and  thun  put  in  again  in  the  reverse  order,  (Yeliti.) 

Uf  two  pieces  of  Kinc^  tin,  imn,  or  ccipper,  the  one  first  imtnersfd  lu 
dilute  aeids,  alkahs,  or  saline  solntions,  is  negsitive  towards  the  other; 
because  a  film  of  oxide  collw^ts  ufton  it  [T]  :  in  concentrated  solution  of 
potash,  also,  the  first-immersed  inece  of  zmc  or  tin  is  negative,    (fl.  Davy.) 

The  first  immersed  piece  of  zinc  is  [xisitive  towards  the  other  in  a 
mixture  of  I  ])art  of  oil  of  vitriol  and  100  jiarts  of  water  (Marianiuj) ;  also 
in  a  mixture  *>f  1  part  oil  of  vitriol,  1  jifirt  tiitric  acid,  and  no  parts  water 
(OerKtedt) ;  in  ctil  of  vitriul,  tm  the  contrary',  it  i8  negative  (Wctzlar).  hut 
tlie  cnircnt  smui  ceases.  (Huff. J — .Similar  relatinuK  are  exhil>ite<l  by  lead, 
— When  ]iliite»  i»f  zinc,  tin,  lead,  or  iron,  an<  left  in  oil  of  vitriol  in  contact 
with  filatinum,  till  the  current  has  reached  its  minimum, — they  oxhibit  • 
negative  rcsietion  towards  a  plate  of  platinuui  subsequently  put  in  c*^' 
tion-with  thein.     (tSuff.) 

If  a  zinc  {tin,  or  copper)  plate  be  left  for  some  time  ui  water  actdulaUHi 
with  sulphnrie  acid,  another  for  an  (vjual  time  in  snhition  of  common  salt, 
■nd  both  plates  subsequently  immersed  in  solution  of  salt,  the  first  wilt 
be  jKJsitive  towards  the  secoud.  (Marianini,)  [Stuue  acid  uiay  reniaia 
attached  to  the  firat.J 

The  first  immersed  zinc  plate  is  |K)S)tive  towards  the  last  in  dilats 
stilphuric  acid,  negative  in  solution  of  ammonia,  negative  also  in  dUote 
nitric  acid, — the  more  strongly  in  projiortion  to  the  length  of  time  fof 
which  it  is  immersed  before  the  other; — and  the  plate  which  w(u»  firft 
immersed  in  nitric  acid  [covered  with  oxide,  therefore]  is  found  to  be 
negative  towards  the  one  which  was  immersed  last,  when  both  pUtos  are 
phuiged  into  dilute  sulphuric  acid  or  salt  water.     (Marianiui.) 

If  a  piece  of  tin  or  iron  be  immersed  in  oil  of  vitriol  for  a  short  time 
only,  it  exhibits  a  positive  reaction  towards  a  pieoL*  afterwards  introdacvd: 
but  if  the  first  piece  remains  m  the  acid  till  [from  the  formation  of  a  cruKt 
of  su1phat«>]  the  evntutiou  of  gas  ceases,  it  is  found  to  be  negative  tuwanla 
a  pii>ee  sulmequently  immersed.     (Buff.) 

Two  wires  of  tin,  lead,  iron,  or  copper,  dipped  at  the  same  time  into 
hydrosulphate  nf  |K>tash,  produce  no  current:  out  the  one  first  immcrsod 
is  negative  ;  iM-caus  >  it  lieeomes  covered  with  metallic  sulphide — iu  oooec* 
quuuoe  of  which  it  cxliihits  a  ne^tive  reaction  towards  clean  wire  in  otlwr 
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liqiiifls. — In  the  case  of  Bilver  or  paliftdium,  on  the  contrary,  the  piece  first 
ininiersf'd  in  fmHitive,  Iwcanfie  siilphtdo  of  nih^er  (or  BiJphide  of  palladium) 
IB  nion?  (Mwitive  tlian  the  ]:mrc  metal,     (ITT.  Davy.) 

Of  twrv  [ilatt'H  of  lend  or  iron  iinuierHefl  in  cniiccntratod  nitric  add,  the 
one  fir«t  irnmen!ied  ie  negative  towards  the  other.     (Marianini.) 

In  nitrate  of  silver,  the  first  immorsed  plate  of  iron  ia  very  weakly 
negative.     (Fechner.) 

The  plate  of  brass  or  copper  firfst  immersed  in  nitric  acid,  the  plate 
of  copjx-r  first  immersed  in  aunnnnia,  and  the  plate  of  platinmn  first 
immersed  in  aqua  regia,  is  jjositivo  towards  the  one  last  immersed. 
(Be&piorel.) 

In  the  yellow  solution  of  BtJphide  of  potassium,  first  one  and  then  the 
other  piece  of  co[if)er  or  silver  is  jjositive  ;  and  at  the  moment  of  chang-e, 
a  film  of  sulphide  forms  on  the  one  which  l»econics  positive. — The  electric 
states  of  two  [liecca  of  silver  inimerned  in  hydrochloric  acid  likewise 
experience  sudden  chanpfes.     (Faraday.) 

\Vlien  two  plates  of  gold  are  successively  immerBcd  in  nitric  acid 
containuig  a  little  hydrochioric  acid,  the  one  first  immersed  is  negative. 
So  likewise  with  platinmn,  exc^.'jitiiip;'  that  the  cun^eiit  is  stronger.  (If 
then,  gold  be  immersed  fii-st,  and  jilatinnm  afterwards,  in  aqua  regia,  the 
giild  will  Ih'  less  )x")sitive  than  when  it  is  immei-sed  last.)     Mnriamtii. 

The  first  immersed  ptate  of  platinimi  is  jjositive  towards  the  second  in 
eulplmric  acid,  liydrocliloric  acid,  nitric  acid,  aqueous  solution  of  [lotash, 
solution  of  common  salt,  s]>ring  water,  or  acetate  of  Icml :  on  the  contrary, 
it  is  positive  in  sulphurous  acid,  sulphate  of  copper,  nitmte  of  eilvcr,  and 
8<ilution  of  liv^er  of  sulphur.    (Feclmer.) 

[The  canses  of  the  electric  current  produced  on  the  RuccesBivc  immor- 
eion  of  two  pieces  of  the  same  metal  may  Ik*  the  following.  (1.)  The  piece 
of  metal  fiixt  immersed  is  freed  by  the  action  of  an  acid  frura  a  film  of  oxide, 
and  thus  rendered  more  positive.  (2.)  Its  surface  is  roughened, — and 
thereby,  both  the  action  of  the  acid,  and  possibly  also  the  direct  fwissage  of 
the  negati\-e  electricity  to  the  electro- positive  element  of  the  liquid,  facili- 
tated. (3.)  Negative  electricity  accumulates  in  the  piece  first  immerBed, 
— and  thereby  an  electric  current  is  excited  in  the  dii-ection  which  makes 
it  ap[«?ar  |>rtsittve.  (4.)  The  piece  first  immersed  nmy  become  coated 
with  foreign  Bubstances  (iron  and  tin  in  nitric  acid  with  oxide,  ?.inc  or  lead 
in  oil  of  vitriol  with  a  metallic  salt,  copi)er  in  sulphide  of  jwtassium  willi 
Btdphidc  of  copper),  which  weaken  the  action,  and  thus  render  the  metal 
negative.] 

Motion. — If  two  pieces  of  tin  immersed  in  dilute  nitric  acid  give  no 
current,  or  if  the  one  last  immersed  is  ixisitive,  the  other  may  Ix-  made 
positive  by  agitating  the  liquid.  With  hydrochloric  acid  the  action  ia 
weaker.    (Faraday.) 

Rubbing  one  or  the  pieces  of  metal  always  makes  it  positive,  even 
when  all  rise  of  temperature  is  avoided.     (Wulcker.) 

[The  motion  may  free  the  metal  from  adhering  oxide,  or  from  liquid 
partly  saturated.] 

\\nien  two  platinum  wires  are  immersed  in  a  mixture  of  1  part  hypo- 
nitric  acid  and  1  part  water,  and  the  current  at  first  excited  entirely 
ceases  after  a  few  seconds,  either  of  the  wires  may  Iw  rendered  negati\e 
by  taking  it  out  of  the  liquid  for  a  seci^nd  and  dipping  it  In  again. 
(Faraday.)  [The  acid  takes  up  oxygen  when  exjioged  to  the  air ;  and  the 
current  is  probably  due  to  the  mixture  of  the  acid  thys  altered  with  the 
rest  of  the  liqiiid.j 
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Difference  of  temperature. — If  an  iron  cylinder  heated  at  the  lowvr  imtL 
and  n\»o  n  cold  iron  oylindcr,  aro  iinniiT&od  in  wnter,  the  <x>W  cjdindi* 

becomes  |X)sitivo.     (Ritcliic.) 

If  two  wiic'8  lA  \hv  BuiiH^  >uotal  aiv  nuidi*  U»  dip  into  a  curved  tnW? 
(App.  5),  in  one  itrm  of  wliicli  llu;  lii|ni«I  lia«  prcvioiiHly  been  hratc<l,  iind 
l)otl»  ure  krpt  moviiif^  at  the  same  rate  (f*>r  otherwise  the  metal  m**! 
qiiicklv  moved  would  jdways  \x>  |Misitivo  ;  and  if  Utth  were  kt*|»t  eiill,  llie 
heated  side  of  the  lj(iiiid  would  alone  l>e  aj^rilalod  by  the  boiling,  the  fol- 
lowing; n«uhs  are  ohtuiiifd,  ucc<irdii);(^  to  Faraday  : 

In  dilute  sul|)hnne  acid  (1  part  oil  of  vitriol  to  80  parts  water) — me, 
cadniiiim,  tin,  lend,  or  iron,  in  the  heated  arm,  iH  slrong'Iy  and  uuiuter-' 
riifitetUy  [H-sitive ;  l.mt  after  gome  time,  Imt  zinc  and  copper  becont 
sUghtly,  ami  hot  cadminm  more  Btvongly,  negative. 

In  dilate  hydrochloric  acid  (1  measure  of  acid  to  29  of  water),  hot  zxnc 
eadminm,  tin/lead,  or  iron.  i«  strongly  positive. 

In  dihite  nitric  acid  (1  measure  <if  acid  to  r»0  of  water),  hot  iron  ia  slill 
more  strong-ly  j-tositive  than  ui  dilute  snlphnric  aei<l;  hot  zinc,  ivipjior,  and 
silver  are  very  feebly  ixwitlve,  and  only  iit  the  lirst  inBtant.  llni  cTiuiniiiua 
is  at  first  t;li}j;^htly  nej^fative,  aftt^rvvards  sH-jflitly  ixmitivo,  th«*u  lihiuirt 
neutral.  With  lead,  no  rurrent  is  produced  at  first;  subncquently,  tbo 
hot  jiiee-f  iHcomes  neg-ative,  and  remains  so. 

In  concentrated  nitric  i»cit!,  imt  'mm  (which  at  the  same  time  ca<i80«  on 
ovohition  of  ^^as;  Urn.)  is  positive  ;  Inith  ends  !>ecome  passive. 

In  solution  of  ptinsh, — hot  Kind  cadmium,  tin,  iron,  or  mpjicf,  m 
stronp'ly  and  nninteiTuptedly  positive  :  a  rpiantity  of  protoxidt  "  '  i;»^jr 

fomiiHl  on  the  iron,  diffuses  itself  throug'h  the  liquid,  and  |  tor 

Htate  of  jH'roxide.     Ibit  lead  likewise  ap|K'ars  jHiHitive,  but  with  a  8iuli]ai 
start,  as  if  it  were  nejj^'ative  at  the  tin*t  monient  of  irninereion. 

In  sulphide  of  )H)tassinm,  cmieentrated  or  diluted,  h<it  iron,  copper,  or 
silver,  is  jnisitive.  A  film  of  suliiliide  forms  chi«'Hy  on  the  hot  metal,  and 
thus  diminishes  the  action.  Ziuc  and  eadntlum  give  no  current  at  fint: 
afterwards,  the  hot  piece  becttmes  stronj^ly  negative.  Hot  lead  aad  tin 
are  slightly  negative. 

With  some  exo^ptions — due,  perhaps,  to  pure  chemicjil  action — the 
hotter  metal  is  ixmitive,  because  the  fitron<rest  action  is  exerted  ttpnn  it- 
Metals  which  are  not  neted  upMi  by  a  liquid.  prrHluee — when  inimenied 
in  a  portion  of  that  liquiil  unequally  heated — either  no  currentK  or  very 
feeble  ones, — probiddy  of  a  thenno-cleetric  nalure  for  the  most  |wrt.  No 
currents  are  produced  by  p'ld,  platinum,  or  silver,  in  dilute  sulphuric  odd, 
or  by  piatinvtni  in  dilute  hydnx-hlorie  acid.  lu  stntn^-  liydnH'lde»ric  acid, 
hot  platinum  is  very  fi-ebly  iiefr»»tive.  lu  dilute  nitric  acid,  platinum  pre* 
no  current,  palladium  and  gidd  scarcely  any.  In  yellow  conctrutnUHl 
nitric  acid,  hot  [ilatinuju  is  nej^ative,  prrnlm-inj;  a  drneirfion  nf  2°  ;  in  the 
oranpre-colour<'d  acid,  it  is  also  negative,  lh«?  detleetifui  l>ein^  HlP.  In 
etnmg'  solution  of  j^^xttash, — hot  silver,  K^ld,  aad  |)latinura  are*  KligtitJy 
positive  In  Bolution  «if  sulphide  of  potassiutn,  hot  platinum  is  nega  " 
palladium  gives  no  current.     (Faraday.) 

3,    Two  Metnla  touching  one  aunther  with  two  Liquidt  touching 

one  anothtr. 

In  thcflc  expcrtmont«,  the  apparatus  {App.  2^  3,  4,  5,  6,  7).  described 
(p.  8291  are  used.     One  of  the  metals  vvith  one  of  the  liquids  may  be 
onclowd  in  n   bladtler   or  a  vessel  of  un^la7.ifd  earthenware,    and   thi«< 
itumerBcd  in  the  other  liquid  oontaiuing-  tlic  other  mctaU 
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a.  The  two  Liquids  are  of  the  same  Nature,  hut  of  different  decrees  of 
Concentration. 

Fanulay'8  Experiments:  Sulphitric  acid.  Cadmium,  in  oil  of  vitriol 
or  dilntc  suliiliuric  acid,  is  (xisitivc  towards  tin  and  iron  in  the  siimc  acid, 
dilute  or  cniicttitratcd.  Tin  alsD  is  in  both  cases  {lositivo  towards  iron  ; 
iron  towards  cojijm.t  and  sihtT,  and  cojiper  towards  Ritvor,  but  in  different 
degToea.  Iron  also,  when  innnersed  h\  woak  acid,  is  much  more  stronjily 
ixjsitive  towards  silver  immei'scd  in  oil  of  vitriol,  thim  iron  in  strung, 
towards  Hilver  in  weak  acid.  On  the  otJier  liand,  xinc,  tin,  and  lead  arc 
most  strongly  positive  towards  silver,  when  they  are  immersed  in  oil  of 
vitriol. 

Nitric  acid.  Zinc  in  strong"  a<:id  is  slightly  positive  towards  copper 
or  silver  in  weak  acid ;  zinc  ui  weak  acid  Ls  highly  positive  towards  cad- 
rninrn,  tui,  iron,  copper,  or  silver  in  strong'  acid.  Su  likewise  ciiduiinni 
in  weak  acid  is  strongly  prisitive  towards  tin,  lead,  iron,  copper,  and 
silver,  and  moderately  towards  zinc.  Tiji  in  dilute  acid  is  positive 
tovvanls  zinc,  lead,  iron,  eoji|H.>r,  and  silver, — and  n('UlraI,  or  feebly  positive, 
to^vards  cadmium.  T^ead  in  dilute  acid  is  jositivc  trtwards  zinc,  cadmium, 
tin,  iron,  copjicr  "and  silver. — Iron  in  weak  acid  is  positive  towards  zinc, 
cadiniuiu,  til),  lead,  copper,  and  silver. -(Iii[i|R'r  in  wt-ak  acid  is  jmsitive 
towards  tin,  lead,  iron,  and  silver,  and  slightly  so  ti>wards  cadmium. — 
Silver  in  dilute  acid  is  positive  towards  lead,  ii(U),  and  copjxjr,  and  feelily 
positive  towards  zinc  and  cadmium.  [Tht!  concentrateil  acid  rerulers  the 
otherwise  iwsitive  metals  negative,  by  covering  them  with  a  tilm  of  oxide 
or  nitrate..]  • 

Solution  of  potash. — Ziiic  is  positive  towards  cadmium,  tin,  tind  lead, 
whether  it  be  immersed  in  the  strong  or  in  the  weak  solution  •  so  likewise 
tin  is  [xtsitivo  towards  cadmium,  and  carhuiuin  towards  lead, — but  most 
strongly  when  the  cadmium  is  placed  in  the  stmnger  solution, 

Tlie  strong  electric  currents  here  s{^K>ken  of  do  not  arise  from  the  con- 
tact of  the  two  Uquids  :  for  when  a  eou]ple  nf  platinimi  wires  are  iumucrscd, 
the  current  is  scarcely  perceptible.  (Faraday.) 

b.  Hie  ttco  Liquids  are  of  different  Natures. 

The  liquid  which  touches  the  negative  vietal  is  an  aVctdi. — Wlieu  zinc 
is  placed  iu  dilute  acid,  and  platinum  in  strung  solution  of  potash,  the 
zinc  becomes  positive — but  nuieh  less  sti'ougly  tlianwhen  the  zinc  is  placed 
in  the  jxttash  and  tlie  platiiium  in  the  acid.— Tin  inlrodiKT'd  into  this 
circuit  in  place  of  platuium  becomes  |Kisitivc  even  towards  the  zinc. 
(11.  Uavy,  Faraday.)  iSimilarlj',  lead  bi-comes  jK>8itive  towards  tin  when 
the  former  is  irmuersed  in  jxitash,  the  latter  in  ililute  sulpliuric  acid;  the 
metal  in  the  ucid  remains  briglit,  that  iu  the  potash  is  attacked,  (Fara- 
day.) 

Zinc  in  solution  of  nitre,  and  ])hitinum  in  sohition  of  jMitash,  iirodnco 
a  strong  current,  capabSc  of  dcconijxjsiiig  iodide  of  (vitassimn,  chloride  of 
tin,  and  sulphate  of  sodu.  {Faraday.)  [The  nxide  of  zinc,  as  it  forms, 
takes  up  the  piitash  of  the  nitre;  and  the  nitric  acid  is  carried  by  trans- 
pofe  tion  to  the  free  potash.] 

The  liijuid  in  conUu't  icith  tlie  fugative  metal  is  »ea-water. — If  the  cup  6 

{Atqu  2)   contains    8ea-wat*?r    and   copjicr,   while  a  contains   sea-wjiter 

.  and  iron,   the  cups  being  connecte<l  by  a  bundle  of  thi-eads,  and  ]Mitash 

K  being  gradually  added  to  tlio  sea-water  in  a,  the  following  effects  are 


ELECTRICITY- 

obaerved ;  When  a  small  quantity  of  potash  is  present,  a  little  of  thf  !wo 
difisolvc'B,  and  the  copixrr  is  couiplctcly  jiTotcctod;  when  the  •;  ^ 

putash  iKfumtiB  ^etitcr,  ueiHier  iron  uor  cupi>or  is  dissolvccl ;   ■"  * 

etJll  ifreator  quantity  of  potash,  the  copper  beoomeB  positive  au J  ditttsolvv, 
the  ii"on  does  not.  (11.  Davy.)  ^^ 

T/te  tiqttid  m  contact  tcith  the  negative  metal  is  dilute  acid. — When  vac 
is  placed  iu  aqueous  Bulution  of  potash,  and  copper  in  dilute  add.  • 
very  strong  current  is  produced.  (II.  Davy,  Bcrzelius,  Waldcer.)  \ 
fcobler  current  is  excited  when  a  neutral  compound  of  the  acid  and  rtIWi 
iH  iuterpneeil  between  the  siitic  and  copi>er,  and  the  feeblest  of  all  vrhaa 
the  arrangement  is — zinc,  acid,  alkali,  c<ipi)er.  This  arrangement  of  va\*- 
Btaucea  always  arises  in  the  course  of  the  action  of  a  galvanic  circuit :  and 
consequently  the  current  is  constantly  diminibliing,  (Berzoliuft.  j — VMirn 
zinc  is  uninersed  in  water, — and  lead,  iron,  copper,  or  brass,  in  dilute  sul- 
phuric acid, — the  zinc  is  positive. — So  likewise,  lead  iiumersed  in  wnler  i> 
positive  towards  iron,  coppt^r,  or  brass,  in  dilut«.i  sulphuric  acid.  Never- 
thelesti,  the  metals  iinmerst^d  in  the  acid  are  always  the  most  stmngly 
attacked. — If  zinc  is  immersed  in  dilute  sulphuric  acid  (1  oil  of  \-itrioI  to 
6  water),  and  platinmn  in  water, — or  the  pjntrarj', — the  zinc  is  alwajTB 
positive,  and  produces  tlio  eame  deflection, — although  it  is  much  more 
strongly  attacked  in  the  acid  than  in  the  water.  Similarly  zuic  is  posi- 
tive towards  silver,  and  gives  the  sanio  deflection,  whether  the  sino  Si 
imiijcrfied  in  water  and  the  silver  in  dilute  nitric  acid,  or  the  contmy. 
The  same  takes  place  with  zinc  and  iron,  or  graphite.  (Marianini.)  [The 
Feeble  current  which  zuic  produces  ut  water  easily  brings  about  a  tnuw- 
p>sitiri'U  of  atoms  in  llie  acid  litjuid;  the  strong  current  which  zinc  tiiiglit 
excite  wlien  immersed  ui  dilute  acid,  is  for  the  most  |uirt  arrestfd  iu  water« 
— and  the  violent  action  between  the  ziuc  and  acid  becomes  in  great  part 
purely  cheniicaLj 

Zinc  in  a  solution  of  jiotash  or  chloride  of  calcium  (Berselins),  or  b 
pure  water  (Dc  la  Rive),  is  positive  towards  cojux'rin  nitric  acid,  althoa|^ 
the  latter  is  the  must  str<iugly  attacked.  As  long  as  the  zinc  iiumcraol 
in  potash  or  chloride  of  calcium  is  not  coimectcd  with  the  c«ippcr,  a  brisk 
effervescence  takes  place  rpn  the  surface  of  the  latter,  the  zinc  rminirdriir 
clean.  But  when  the  circuit  is  completed,  the  zinc  immediate! 
tarnished;  the  evolution  of  giis  at  the  surface  of  the  copper  oi  . 
the  a»iiper  previously  <UsBotved  is  precitiitat<Ki  on  it.  Such,  at  least,  istlw 
case  when  several  pairs  of  these  metals  are  united  together.  (BcraeSai) 
l)e  la  Rive.)  [The  greater  affiuity  of  zinc  for  oxygen  givtw  rise— ••  Ite 
zinc  is  connected  with  the  copper — to  a  transposition  of  utnnis  in  tite  two 
liquids :  the  oxygen  and  acid  go  to  tlio  zinc ;  the  alkali  and  kydrQg«Dt 
together  with  copper  previously  dissnilvod,  to  the  co]>jier.] 

When  hard  and  soft  copper  are  inmiersed  in  water,  the  former  ia  posi> 
tiro  (p.  dSTi);  hut  if  a  Uttlc  sulphuric,  nitric,  or  hydrochloric  add  bt 
introduced  into  the  water  containing  the  hard  copper,  the  deflcctilA 
immediately  increases :  on  the  other  hand,  the  addition  of  a  Utth*  fa3rT<o- 
nitric  acid  causes  it  to  dimuiish ;  and  when  a  larger  (quantity  is  added,  the 
cum-nt  is  reversed.  (Ritchie.) 

The  liquid  in  contact  ufith  the  nepativ*  metal  it  oil  of  vMoL  Whn 
rinc  is  bmnersed  in  concentrated  nitric  acid,  and  ooptx-r  in  oil  of  vitriol 
(An*.  4),  the  oopi>er  is  strongly  positive ;  i. «.,  (actK»nnng  to  Dc  la  Rive) 
positive  electricity  goes  from  the  zinc  through  the  u>lranoDi<  Ue 

octpjier, — whicli  arcumstanoe  is  attributed  by  Dc  la  Rivo  to  tin  ;y 

irhich  tiie  positive  electricity  finds  in  psssing'from  the  oil  of  vitnul  tu  tlM 
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itietaL     Aooording  to  Marianini,  on  the  contrary,  the  zinc  ie  strongly 
poHitivo. 

The  U(iuid  in  contact  tcith  the  negative  metal  is  ftrong  nitric  add. — Zinc 
being'  immereed  in  oil  of  vitriol,  and  copjjer  in  strong  nitric  acid,  {App.  4) 
the  zinc  is  p-)KiUve,  thmigh  the  copjier  is  most  fltrong-ly  attacked.  The 
cunx'iit  18  however  not  bo  strong  as  when  the  zinc  18  placed  in  nitric  acid 
and  the  copper  in  oil  of  vitriol :  (Bee  alxive).     De  la  Rive. 

If  an  outer  vessel  contains  strong  nitric  acid — or  a  mixture  of  eaual 
partR  of  strong  nitric  acid  and  oil  of  vitriol,  whicFi  works  cqtially  well, — 
and  if  iu  this  litpiid  there  is  immersed  a  plate  of  plutinuni,  and  a  vessfil 
of  porous  earthenware  containing  an  amalgamated  zinc  plate  and  filled 
witfi  one  of  the  fullowing  linuids— wliicli  are  enumerated  in  the  inverse 
order  of  the  strength  of  their  action  (dilute  hydroHnoric  acid,  hydnx-hloric 
acid,  «ul|i[iuric  acicl,  plmsphoric  acid,  Bolution  of  potash — which  however 
etop8  up  the  fiorenof  the  eartlien  vessel  with  crystallized  nitrate  of  jKHash 
— soda,  common  salt,  nitre,  ciilnraie  of  potiisli,  iodide  of  potassium,  spring 
water,  rain  water,  distilled  water), — a  voiy  fxnvcrli'nl  electric  current  is 
produced.  The  dilute  hyilroehloric  acid  auisists  of  1  part  of  anioen- 
trated  acid  and  from  2  to  2  i  jiarts  of  wiiter ;  the  dilute  sidphuric  acid,  of 
1  part  oil  of  vitriol  and  from  4  to  .t  parts  water.  Wlien  the  circuit  is 
closed,  the  nitric  acid  ttinis,  first  yellow,  then  green,  then  blue,  afterwards 
becomes  colimrless  and  evolves  nitric  oxide — and  (inally,  hydrogen  gas  at 
the  surfaoe^  of  the  platinum  plate.  The  dissolved  zinc  remains  almost 
wholly  outside  the  vessel  ctintaining  the  nitric  acid.  When  the  circuit 
is  kept  closed  fur  a  long  time,  the  liquids  become  verj' hot.  Tiu:  nitric 
acid  must  be  highly  concentmted,  and  renewed  as  soon  as  hydrogen  gas 
makes  its  a|)iJ<.'aniiicc  at  the  iiliitinuui  surface. — When  zinc  is  in  contact 
only  with  dilute  sulphuric  aci<l  and  platinum,  it  ha«  to  overcome  the 
gr<'at  affinity  of  oxygen  for  hydrogen  -,  but  when  lutric  acid  is  present, 
the  hydrogen  separated  from  the  water  is  canied  over  by  transposition 
to  the  nitric  acid — combines  with  jmrt  of  the  oxygen  of  that  substance — 
and  lil^rates  nitric  oxide.  Hence,  in  this  case,  the  combination  of  the 
zinc  with. the  oxygen  of  the  water  is  ojijxjsed  only  liy  the  much  smaller 
alfinity  of  nitric  oxide  for  oxygen, — and  consequently  the  srdutiofi  of  the 
zinc  gtK?H  on  much  more  quickly,  and  the  electric  current  is  |)ro|)ortionjitely 
stronger.  (Grove.)  [If  the  nitric  acid  were  in  immediate  omtact  with 
the  zinc,  the  greater  part  of  the  negjitive  electricity  would  be  lost,  in 
consequence  of  the  pnrtdy  chemical  action  thereby  produced ;  with  amal- 
gamated zinc  in  dilute  sulphuric  acid,  on  the  contrary',  no  purely  chemical 
liction  takes  place,  the  action  being  entirely  elect m- chemical,  (p.  341))]- 

If  the  outer  vchrcI  contains  an  amalgamated  zinc  plate  immersed  in 
dilute  sulphuric  acid,  and  a  tidw  of  gj-psum  dipping  into  it  is  tilled  with 
nitric  acid  of  1*5  sp.  gr.  with  a  piece  of  iron  immersed  m  it,  a  current  is 
]>roduced  strong  enough  to  decomwse  water.  But  as  soon  as,  in  the  course 
of  the  exj^ierimeut,  the  nitric  acid  has  attahied  a  certaui  degree  of  dilution, 
the  [tassive  iron  dissolves  wth  violent  efFen'escencc.  The  wire  outside 
the  acid  suffers  still  more  from  the  nitrous  vapours ;  hence  it  must  be 
couted  with  wax.  If  iron  instead  of  zinc  is  immersed  u»  the  dilute  siil- 
[♦hiiric  acid,  the  action  is  the  same,  but  continues  for  a  shorter  time;  and 
the  passive  in^n  in  the  nitric  acid  dissolves  more  quickly.  The  addition 
of  nitrate  of  mercuiy  to  the  nitric  acid  retards  the  solution  of  the  iron  in 
the  nitric  acid  fcir  a  somewhat  longer  time ;  but  this  salt  crystallizes  in 
tlio  gypsinn  tain?  and  cracks  it.  (Ilawkins,  FM.  May.  J.  16,  115. — 
Gruel's  Apparatus,  Poffff.  51,  381). 


i^Ai 


393 


ELKCTHICITY. 


When  zinc  is  placed  in  a  mixture  of  1  part  oil  of  vitriol  and  6  parti 
water,  and  platinum  in  niDdrratidy  strong'  nitric  m:id, — the  circuit  |n-o'!ac«» 
an  electro-nviigiH'tizatioii  nf  iron,  a  luuidrcd  times  a«  Htrong'  as  tlu*t  {.>n>daocd 
by  a  zinc  and  cupjicr  pair  of  the  Hame  Hize,  simply  immcrHOil  iu  dLlutt^>  nl- 
jjiiuric  ai'id.  The  action  gradually  increasoH  as  the  Hulphuric  acid  becuov 
eatnrated  with  zinc,  and  Ik  i-emarkahly  increased  by  the  use  of  a  aolntini 
of  sulphate  of  zinc  in  place  of  dilute  sulphuric  aeid.  [As  tlie  sdnc  ttket 
oxygen  and  acid  from  tlie  adjacent  atoms  uf  sulphate  of  zinc,  the  noo- 
atom  set  free  by  tran8fH»sition  at  the  end  of  the  eenes,  likewise  taiBv 
oxygen  and  acid  from  tiic  nitric  a<.-i<l ;  an  indirect  action  of  nitric  acM 
upon  zinc  is  therefore  bnmght  about  by  tlie  suljihatc  of  zinc.J  Tb*?  actin 
of  the  circuit  remains  perfectly  utiifonn  for  tinx'e  houis ;  uo  gas  la  evoIv«rf 
nu  the  zinc,  and  scarcely  any  on  tlie  ptatinmu, — b«.'cau80  the  nitric  oxidr 
remains  dissolved  in  the  nitric  acid  and  colours  it  green.  A  eitnfk 
circuit  of  this  kiud  decoinj>osc8  water  feebly ;  a  combiuatJon  of  two  auA 
circuits,  rajjidly.  (PfafF.) 

Solution  of  common  salt  in  f)!ace  of  Rulphuric  acid  is  particulaHj 
effective  in  tJiis  apparatus.  If  weaker  nitric  acid,  of  sp.  gr.  1-iy,  Ik.»  ttmyi 
in  conncctioi)  with  dilute  sulphuric  iu-id,  a  large  tpiantity  of  gnn  is  evoked 
from  the  nitric  acid,- -and  then  the  cun-ent  in  much  weaker.  (Pogfgi-ndorif.) 

If  a  compact  carbonaceous  mass  be  formed  by  strong-Ij-  igniting  > 
mixlnre  of  jNtundeil  coal  and  coke — a  cell  formed  out  of  it,  and  tilled  with 
quartz  sand  and  strong  nitric  acid — and  the  whole  placed  in  a  \emd 
containing  dilute  Hul[thuric  acid,  and  a  ])late  of  zinc  4  inches  lung  and 
!}  inches  wide, — bright  sjmrks  are  emitted  on  closing  the   <  tin* 

platinum  wire  becomes  red  hot;  iron  wire,  No.  8,  burns;  and  ii  iric 

acid,  iodide  of  j potassium,  lead,  and  silver  salts,  are  decnnijxjsrHl  by  Um 
current.  (Itunsen,  A/m,  Pluvin.  38,  311.)  [The  nitric  acid  which  tmcc« 
through  the  ]X)reB  of  the  c<ike  perhaps  alao  forms  a  fihn  on  the  outsiik- 
of  it.] 

A  circuit  of  cop]jer,  dilute  sulphuric  acid,  nitric  acid,  and  pfaitilMltn, 
produces  a  current  nearly  half  as  strong  as  that  whicJi  is  excited  wbei 
zinc  is  used  insload  of  copjjor.  (Poggcndorff,  /"t*^//.  54,  'AhHy 

If  tlie  bowl  of  a  oonunun  tolwK'Co-pipe  be  tilled  with  nitri'- 
placed  in  a  vessel  containing  hydr(K,'liloric  acid,  a  couple  of 
simply  ijumersed  in  the  latter  will  not  be  dissolved:  but  on 
one  of  them  with  a  platinum  wire,  the  other  end  of  which  il; 
nitric  acid,  the  gold  leaf  thus  attached  will  dissolve,  wliilo  the  •• 
not.  (Gpjve.)  fTiie  gold  leaf  attached  to  the  plutimuu  takea  ctilori&e 
from  the  hydrocldoric  acid,  the  hydrogen  of  that  comiKtuud  paaaioK  ow 
by  galvanic  transjiosition  to  the  oxygen  of  the  nitric  acid.] 

2'hc  negative  metal  is  in  contact  with  arscniouA  rtcid  or  arsfniate  of  fKAcaiLr— 
Tube  a  {App.  7)  containing  solution  of  arsenious  acid  with  a  ooffei 
wire  imineitied  in  it,  and  the  vessel  b  containing  solution  of  i«al-iuiilDD> 
niac  with  zinc — a  Mack  lilm  of  arsenic  makes  its  apix-aranco  in  thr»  omtrK 
of  live  hours   on   the   surface   of   the  copjier,  and  aft«i'  :i»« 

a  steel-grey  colour  and  metallic  lustre — the  changi-  con:  i  » 

single  jioint,  and  gradually  extending  over  the  wholt!  bui  Lure, 
hydn)cldoric  Jwid  is  mixed  with  (he  arseiuous  acid,  the  c<»p|»er  b. 
covered  at  the  surface  of  contact  of  the  liquid  and  the  air,  with  uiiilv 
metallic  arsenic.  If  the  soluli<in  of  arscniouB  acid  exintaiuK  a  small 
quantity  of  nitric  acid,  a  de|>o8it  of  white  metallic  arsenic  is  fornu-d,  prin- 
ci)»ally  cui  the  |»urt  <>f  the  coii^mt  which  projeetH  out  of  the  Ui|tud — lii« 
arnenic  being  |ierlia(K4  carrien  out  of  the  li(|uid  in  th<t  form  uf  aneoiiH 
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retted   hydrogX'U   and   then   precipitated   on   the   wire.    (Simou,   N.  Fr. 
22,  1,  HO 

Wlu'H  the  tubs;  n  (App,  7)  contains  fioltition  of  areeniatc  of  potash 
with  a  platinum  wire  iiurniTscd  in  it,  ami  the  vt-ssel  h  contains  Knhition  of 
areenic  with  a  pieee  of  ziue, — mily0"31  of  tlie  art^eiiie  present  is  depoHited 
oil  the  pUitinnni,  and  nn  the  LiUiddtT ;  the  rest  vtilatilixes  in  the  form  of 
arBeninrcttud  hydrogen,     (liuchner,  lit-jievt.  21,  14.) 

The  lifptid  in  contact  with  the  negative  metal  is  the  solution  of  a  heaiy 
metallic  salt. — The  circuit  compoBcd  of  zinc,  dilute  Piilphuric  acid,  Buljihatc 
of  cupj>cr,  and  metalhc  cupiier  (or  platinum),  produces,  as  shown  by 
Daniel!,  u  veiy  pmverful  current,  wliicli, — when  tlie  weakening  of  the 
solution  of  sul|>lrute  of  copjier  occaBioned  \^y  the  deposition  nf  metallic 
copper  on  the  platinum  nr  ottpper  plate  is  ninile  up  by  the  additimi  of  fresh 
euljihate  of  en])i^>ir— is  likewise^  of  constant  ytreng'tli.  [The  zinc  takes  up 
oxygen  from  the  water, — the  hydifig-en  of  wfiich,  being  can-ied  hy  trans- 
position to  the  oxide  of  copper,  takes  up  tLe  oxvf?eti  of  that  comj^uind, — 
whil.Ht  cojjper  is  deposited  on  the  negative  tru'tiiK  Conseipiently,  the  zinc 
haa  UM  longer  to  overomtc  the  stronger  aftiiiity  of  hythpgen  for  oxygen, 
but  only  the  much  weaker  affinity  of  cojiper  for  oxygen:  the  solution  of 
the  zinc  is  thug  aeeeleruted,  and  the  current  thereby  increased.  If  the 
zinc  were  jilaced  in  the  suhitiun  of  sulphate  of  co|>[>er  an  well  as  the 
platinum,  it  would  beeouie  covered  with  eopjter,  in  consequence  ftf  pure 
chemical  action  taking  plac^'  at  the  same  time, — and  this  dei>osition  of 
wipper  would  give  rise  to  local  electro-chemical  action,  by  which  the  current 
would  be  greatly  weakeiied.j 

This  circuit,  however,  does  not  yield  nearly  so  much  electricity  as  that 
in  which  strong  nitric  acid  is  used  (p.  3'Jl)  [becawse  the  afliuity  of  cnppor 
fur  oxygen  is  greater  than  that  of  nitric  oxide  for  that  element].  With 
the  same  extent  of  metallic  8urf:ice,  the  circuit  comjmsed  of  zinc,  dilute 
sulphuric  acid,  concentrated  nitric  acid,  and  platinum, — yields  in  a  given 
time  seventeen  times  an  much  electricity  as  zinc,  dilute  sulphuric  acid, 
Hulpiiate  of  oipper,  co[>i.>er.  (Jaeobi.) — A  solution  of  chloride  of  plutioum 
in  water  likewise  gives  a  cuiTcnt,  the  quantity  of  which  is  only  two-thirds 
of  that  of  the  nitric  iicid  circuit.     (Poggendorfif.) 

When  the  circuit  of  zinc,  sulphuric  acid,  sulphate  of  copper  and  cop- 
per, is  closed,  the  quantity  of  zinc  dissolved  in  a  given  time  is  ten  times 
as  gi'oat  a.s  when  it  is  bn^keii.  (Matteiicei.)— If  an  anmlgamated  zinc  jilate 
in  a  circuit  of  this  kind  lose  6  grains  in  half  a,  second  when  the  surface  of 
the  copper  plate  is  of  the  same  size  as  that  of  the  zinc, — then,  when  the 
copptjr  smface  is  twice  as  great,  the  loss  of  weight  will  be  7  grs.— with 
4  tinics  the  surface  of  copper,  9  grs. — with  Btiituis  the  Riirface,  13*3  grs. — 
with  16  times  the  s>irface,  11  •5  grs, — and  with  20  tiines  the  surface,  10  grs. 
llence,  the  action  is  most  energetic  when  the  surface  of  the  copper 
amounts  to  8  times  that  of  the  zinc.  (Binks.) 

Zinc,  solution  of  sal-aramoniac,  solution  of  sulphate  of  copper,  and 
copper,  likewise  gives  a  very  strong  and  constant  cmTont,  (MiUlhis.) — 
Juct^btn  Chambtr  Jiattrn/ :  A  wide,  shallow,  cylindrical  cop|>er  vessel  C4>n- 
tains  solution  of  sulpliate  of  cop|ier,  which  is  continually  kept  nearly 
Haturated  by  means  of  crystals  of  the  salt  c<jutained  in  a  sieve  at  the  side. 
In  lilts  vessel  is  inuuersed  a  somewhat  narrower  wcMKlen  hoop  tir'd  with 
bladder  underneath,  filled  with  dilute  solution  of  sal-ammoniac,  and  con- 
taining a  round  piece  of  zinc. 

If  8(4ution  of  nitrate  of  sUver  be  carefully  poiued  on  the  top  of  a 
solution  of  nitrate  of  copper,   and  a  copper  rod  dipped  only  into  the 
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former,  a  silver  tree  is  at  flrat  produced ; — but,  as  soon 

grown  diiwuwardH  as  fur  ae  thu  copper  tsolution,  metallic  copper  %  < 

sited  uinm  it.  (GrottlmHS.) 

If  iv  tube  tied  over  with  IdaddtT  {App.  7)  contains  acetate  of  U*ad  with 
platiiiuin  (.lipping  into  it,  and  tlie  uutt^r  veBscl  b  hydrochloric  acid  (or  sul- 

fhato  of  soda,  —  //.  Iio»e)  witli  zinc,  n  Itiad  tree  is  fomicil  on  the  plntirttnt 
f  a  contains  nitrate  of  silver  instead  of  acetate  of  lead,  the  platiuna 
becomes  covered  with  silver.  (Singer.) — When  solution  of  oonuaon  aah 
is  used  in  jjlace  of  liydrocldoric  acid,  the  dcfX)8ition  of  silver  on  the  pt*ti* 
nuiu  ILkewisc  takes  place — according  to  U.  Hose ;  but,  accordinjE:  to  rf*ff, 
the  }ireci[)itation  i>f  wilAcr  does  not  take  place  till  a  Uttlo  hj'dnx'hlnric  *cid 
has  ix-en  juidcd  to  the  common  salt,  when  it  commeiiceB  boddeuly  and 
rapidly  increases.  After  the  precipitation  of  the  silver,  carbonato  of  aodi 
Oiillects  in  a,  in  the  course  of  three  weeks, — and  the  surface  of  the  btoddv 
which  dips  into  b  l)ecoiiic8  covered  with  a  thick  ciust  of  chloride  of  sflw. 
If  t!ie  zinc  and  platinum  are  not  connected,  no  reduction  of  silver  or  pre- 
cipitation of  chloride  of  silver  takes  place  even  in  a  fortnight.  (Pfaff.)  If 
a  contaiiia  nitrate  of  silver  with  graphite,  b  solntiou  of  commim  salt 
with  Hilver  free  from  copper,  silver  is  deposited  on  the  g;Taplute  ta 
brilliant  lauiuiie ;  but  tlie  acttou  soon  ceases.  (Pfaff.) — [Silver  naa  greater 
aftinity  for  chlorine  than  for  oxygon ;  the  silver  wire  thervfore  take« 
chlorine  from  the  eliloritle  of  sodiimj,  separates  sflver  by  transfxjsition  fnim 
the  nitrate  of  silver,  and  dejiosits  it  ojj  the  grapliile.  The  action  oext»e» 
as  soon  as  the  silver  becomes  c^tvered  with  chloride.] 

If  the  ann  a  of  the  U-tube  (App.  4)  coiitabis  dilute  salplmric  Bcid  with 
zinc,  and  the  ami  b  nitrate  of  zinc  with  cupper,  zinc  is  deposited  on  tlte; 
copper.  {t.)hin.)     [I  obtained  no  rednrtion  of  zinc.] 

When  zinc  is  |ilaccd  in  a  saturated  soluticui  of  sulphate  of  zinc,  and 
copper  in  a  saturatt'd  solution  of  nitrate  of  copper,  a  somewhat  stronffpr 
currt^tit  is  produced  than  when  both  metals  are  immersed  in  dilute  aad. 
The  tlctli-ction  of  the  noodle  is  not  increased  by  tlie  addition  of  nitric  mid 
to  tlie  nitrate  of  copj^ier.  If  both  vessels  contain  solution  of  sulphato  «»f 
jsiuc  or  dilute  sulphuric  acid,  the  deOectiou  is  gn»atly  uicrcasod  by  tlie 
addition  of  a  little  nitric  acid  or  nitrate  of  copjier  to  the  Utpiid  into  which 
the  copj^ier  dips ;  whereas  nitric  acid  added  to  the  liquid  otmtainiug^  tlw 
zinc  diiiiinislies  the  deflection.     (Becquerel.) 

If  the  tul>es  a  b  {App.  A)  are  stopjK'd  at  the  Iwttom  with  clay, — • 
containing  hydrosuljtJiate  of  potash  (wliich  has  lx?eu  exf^osed  to  the  air) 
with  antimony  innnersed  in  it,  and  b  nitrate  of  oojiper  with  copp<rr,  nnd 
botli  being  immersed  in  a  conducting  watery  liquid,— then  when  iho  two 
metals  are  cfmnected,  the  ctipix-r  becomes  coated  with  precipitated  copp  r ; 
whilst  on  the  autimony,  and  on  the  sides  of  the  tubes,  there  is  de|M>vii<  .1 
— first  a  brown-red  pt^wder,  then  red  octohedrnns  and  laniiniu  (wIk'Ii 
Becquerel  considers  to  be  mineral  kennes).— If  tin  l»e  sub8tittit4<d  lor 
aiititnony — small,  wliite,  cietallic-shiniug  ciibes  <if  sulphide  of  tin  are 
de]MJMtted  Ufion  it. — Witli  iron,  when  the  access  of  air  to  the  tube  a  Is 
conipletely  shut  off,  yellow  cubes  of  iron  pyrites  arc  sometimes  obtnlnetL 

Toe  yessol  b  {App.  7)  always  containing  solution  of  sal-ammoniao  with 
dnCr — and  the  tube  a,  which  is  tied  over  at  the  bottom,  c«>iitaining  a  ooppsr 
wire  with  k  heavy  tiietallic  solution, — the  following  results  art'  obtniiw^ 
differing  aeotrditig  t«i  the  nature  of  the  Uquid. — Dilute  nitrate  of  bisinutht 
(after  two  hoiui*)  a  bbck  tihn  on  the  coi)|>er,  increasing  and  becoming  floo- 
<Miwn t^^ulphate,  nitrate,  or  aootKt«  of  idnc :  a  little  hydrr>gi?n  is  evolved 
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upon  the  copper,  but  no  zinc  is  deposited. — Protrx-hlorido  of  tin  disaolred 
in  alcohol:  after  sonm  htmrn — tin,  m  granular  and  nefdlc-shajX'd  particles, 
in  de|>o8itfd  nri  the  cop|X'r.- — DUutc  solution  of  acetate  of  lead;  a  lead  tree 
tin  tlio  copiK:-!',  after  a  Klinrt  time. — Sulution  nf  utie  part  of  green  vitrinl  in 
8  f>art«  of  water :  hydrogx^n  gua  is  evolved  on  the  cn]»|>er,  whieh  in  a  few 
hours  becomes  covered  witli  a  green  deposit.  This  de[.>«sit  increases  con- 
siderably in  a  few  tlays,  and  is  found  to  consist  of  three  layers,  tlie  outer- 
most being-  hydrated  protoxide  of  iron — the  second,  protoxide  (black 
oxide?),  and  the  innermost  metallic  iivni. — Acetate  of  €oj)(ier :  the  ilis- 
Biilved  coi)|)or  is  deposited  in  the  crj'atalline  form  on  the  copfjer  wire. — 
Solution  of  one  part  of  protochloride  of  mercury  in  24  parts  of  water: 
the  copper  suddenly  becomes  covered,  first  with  a  white  film  of  calomel, 
then  witlj  a  grey  film  of  mercury ;  on  the  following  day,  black  vegetations 
of  suboxide  of  merciuy  make  their  appearauce. — ^Solution  of  one  pa,Tt  of 
uitrate  of  silver  in  8  parts  of  water :  a  Biiiutng  silver  tree  immediately 
appears  on  the  copjx?rj  on  the  bladder  is  deposited  a  considerable  quantity 
of  oxide  of  silver,  together  with  black  juu'oxide.  Sobitiou  of  one  part  of 
chloride  of  gold  in  30  partfl  of  water;  n  black  deposit  tIlu^a^daately  itfij^H-ara 
on  the  C'lpjxT,  soon  becoming  brownish  and  floocnlent,  and  rapidly 
iiicreaaing.  — Chloride  fif  platinum :  the  copjjor  becomes  covered  in  the 
course  of  two  hours  with  briUiaut  white  platinum,  from  which  laminas  sub- 
sequf^ntly  sejuirate,  (Simon.) 

Tube  a  {App.  7),  contuining  dilute  sulphnric  acid  with  zhic,  and  vessel 
6  a  metallic  salt,  tog-ether  with  a  iiiece  of  fusible  metal, — acetate  of  load 
yields  grey  crvKfals  of  lead,  which  grow  from  the  iiiece  of  alloy  to  the 
height  of  three  inches, — extending  to  the  bladder,  and  covering  it  with 
a  network  of  lead.  Nitrate  of  silver  behaves  in  a  simitar  numuer,  the 
ciystals  of  silver  cftutinuing  to  grow  till  they  come  in  contact  with  tho 
zinc.  (Si.lly,  P/ni.  Mag.  .L  1*;,  .'112.) 

A  tttK'  lied  ov(!r  with  a  bladder  contains  dilute  acid,  with  a  piect^  of 
zinc  in  contact  with  the  bladder,  and  is  immersed  in  a  metallic  eohitioii ; — 
the  metal  is  at  first  de|>ositod  on  the  zinc  by  purely  chemical  action  ;  hut  (ho 
dejiositioii  is  afterwards  continued  electrically  through  the  hlatlder, — 
and  thus  the  same  circuit  of  two  metals  and  two  liquids  is  produced. — 
In  the  same  manner,  acconling  to  Wach,  very  solid  metalhc  vegetations 
are  fonned ;  e.  g. — with  chloride  of  antimony:  a  st)lid  mass,  wnth  indivi- 
dual projections ;— with  dilute  acid  solution  of  nitrate  of  bismuth:  solid 
hemispherical  masses ; — ■with  acid  solution  of  protwhloride  of  tin  ;  tin- 
white  slender  ramilications; — with  solution  of  one  part  of  chloride  of  jilati- 
num  in  H  |iart8  water :  soUd,  acute,  steel-grey  vegetations.  If  the  tube 
contains  mercury  instead  fif  zinc — and  the  <iuter  vessel  nitrate  of  silver, — 
BJlver-anialgam  is  obtained  in  rhomboidal  dodecahedrons,  often  elongated 
into  six-sided  prisms.  (Wach.) 

Ijikewise,  when  a  tul>e,  scaled  at  the  bottom,  but  having-  a  crack  in  it, 
and  containing  solution  of  sat-ammonitic  with  zinc,  is  immersed  in  a 
Bohition  of  sulphate  of  copper,  containing  a  piece  of  metalUc  copper, — 
copiior  is  reduced  on  the  tatter,  Uiough  very  slowly. 

When  zinc  or  iron  is  placed  in  immeihate  contact  with  solution  of 
copper,  tiiat  metal  is  prec'ipitatwl  in  a  loose  pulvendi-nt  fono.  If  the  zinc 
or  iron  is  suiTounded  with  a  piece  of  bladder,  the  precipitate  is  still  loose ; 
with  twii  layers  of  bladder,  it  is  more  solid;  and  with  three  layers,  very 
8oliil,  knobby  and  branching.  [The  c<ip[H"r  first  precipitated  on  the  idnc 
extenda  itself  by  electric  action  through  the  layers  of  bladder  into  the 
copper  solution ;  and  thus  an  arrangement  is  fonned  consisting  of  two 
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metala  and  two  liijiiitlfi,  the  solution  of  cupper  and  the  moistort*  of  J 
bladder.]  In  a  siiiiilur  luaiiiier,  gulid  co|i}>er  is  ubtaiucd  wlieii  —  tlie  H 
{Ajip,  7)  bt'in>r  tilk-d  with  water— a  piece  uf  in>n  is  jilaced  in  it,  in  c«ti 
with  the  bliaddi'i"  tied  nver  its  lower  end,  trnd  the  tube  is  iminersoU  iti  a 
Bohition  of  snJpliato  of  c(i|>jw"r.  In  the  course  of  two  hourn,  copper  begiiw 
to  ooUoct  on  tliL"  outside  of  the  bladder;  and  m  about  a  fortiii^it,  a  cakx 
of  metal  is  formed,  with  small  srpiare  faces  or  rouudish  pi-otuberances,  d 
Bpceific  gravity  8*9G5,  and  [KiKsessed  of  almost  j>erfeot  mailoability.  With 
ziiic,  instead  of  iron,  long  nimilications  are  obtained  in  the  course  nf  a 
month. — A  zinc' wire  diiiping^itito  <i,  and  a  copi.>er  wire  into  b — the  latttr. 
when  deejily  immersed,  beconies  coated  witli  shining,  crystalline,  wartv. 
and  knoliby  copjier.  Red  and  yellowish  red  octobedrons  of  copper  are  als^) 
produced, — the  latter  being  formed  wheJi  the  copj>er  solution  coutaiiu  on 
friHj  acid,  and  eoatainuig  an  admixtm'o  of  zinc.  Wluui  the  copjier  wire 
dips  in  but  a  Uttle  way,  it  becomes  covered  with  loose  ramiiicatioiui 
Again  if  the  tube  ft  be  closed  with  older  pith,  very  thin  ei>rk,  or  vcrvthb 
slate,  iiiHlcHd  of  bladder, — HoUd  copper  ie  deposited  on  the  outer  surfact* 
of  the  diajihragins;  much  more  slowly,  however,  when  either  of  the  twu 
latter  is  used,     (VV^aeh.) 

Silver,  golil.  and  |4utii)urn  may  likewise  be  obtained  in  the  solid  state 
by  Wach's  method ;  silver  best  by  zinc, — g^ld  and  platinum  hv  imu. 
Silver  separates  either  in  ramiiications  or  in  soUd  plates ;  ^old  aud  |jla- 
tinum  in  warty  concretiouH.     (UrJbel,  Schw,  60,  414.) 

If  the  tube  tied  over  with  blmlder  does  not  contain  any  liquid,  but 
only  n  piece  of  zinc, — then,  on  innuersing  it  in  a  solution  of  cailniiutu,  grvj 
raoss-like  cadminrn  is  de]ioHitcd  on  the  bladiler  j  in  protochloride  i»f  tifl, 
rectangular  needles  an  inch  lonjn,  are  formed ;  in  solution  of  acetato  of 
lead,  a  continwous  plate  composed  tif  f<»iir-sided  tables;  in  sulphate  of 
cop|XT,  solid,  malleable,  warty  cxipper;  in  nitrate  of  silver,  cubical  and 
moss-shaped  silvi-r;  in  cldoride  of  gold,  a  nou-crystalline  film: — all 
dejxisits  are  formed  on  the  otitside  of  the  bladder. — In  solution  i>f  arvei 
aci«l  in  bydroehloric  .tcid,  arsenic  is  dejxisited,  not  ou  the  bladder,  but( 
the  injier  sides  of  theti»l»e;  in  protocblorido  of  iron,  no  reduction  ta 
plaee, — If  the  tube  contains  mereiuy  instead  of  zinc,  and  is  immersed 
solution  f)f  nitrate  of  silver,  elongated  rhf»mbic  dodecahedrons  »rv  for 
lu  all  these  cases,  the  outer  litiuid  rises  by  oudosmose  into  the  till 
because  the  zinc,  solution  wlijcli  is  forming  continually  incnMMM  la 
strength.  (Eisner,  J.  pr.  Chem.  22,  339.) 

Two  Metals  and  three  Liquids. 

The  two  metals  connected  together  dip  into  two  liquids,  which 
united  through  the  medium  of  a  third.  For  this  piirj)ose,  Aj>p.  2  mav  be 
used,  when  the  wire  or  siphon  A  contains  the  lhii"d  liquid, — A/tp.  4,  when 
the  third  litpiid,  lieing  the  heaviest,  can  l»e  made  to  occupy  the  lower  |inrt 
of  the  U-tMl»c, — App.  7,  when  the  tulxj  <t  ia  stt)p|H>«l  at  the  l)«3ttom  wiUi 
clay,  and  this  is  saturatiid  with  the  third  li(iuid, — App.  H,  in  which  the  two 
tulies  a,  h,  closed  at  the  bottom  with  bladder  or  w^ilh  chiy.  dip  into  tho 
liquid  in  the  veswl  c.  In  many  cases,  the  third  ht^uid  plays  no  piirticulw 
part,  but  men.'ly  series  as  a  mcthum  tlirough  wliicb  the  transjKwitiiMn  ^ 
atoms  may  l»e  continued  from  the  first  to  the  second  liquid,  or  ivvMri^ 
We  shall  liert*  notice  <jnly  those  (.■uses  in  which  one  or  nuTe  of  the  elementB 
of  the  uitervenirtg  liquid  give  rise  to  the  formation  uf  ixx'uliar  products  in 
the  liWt  or  second  hquid. 
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When  the  tube  (A pp.  7)  is  stopped  with  clay  eaturated  witli  solution 
of  nitre,  and  c^ntitains  iilrohol  atid  it  leaden  wire,  wliilHt  a  e<»pi.K"r  wii-e 
connt'ftfd  witli  tlic  latter  dips  intn  n  sohiti* m  of  hhu*  vitriol  in  the  vessel  f>, — 
copper  IK  reilueed  cm  the  eopj>er  wire,  and  llie  lead  becmneB  edvered  with 
nitrate  of  lead:  bccanse  the  sniphuric  aeid  of  the  b!uc  vitrioniboi'ates 
nitric  aeid  from  the  nitre  in  the  clay;  and  this  nitric  acid,  together  with 
oxyg-cn,  goes  over  to  the  lead.  (Becijuerel.) 

If  the  cnp  a  (Ap/i.  2)  contains  an  ulcohulic  solution  of  sulpho  carb<mato 
of  i«>fasHinn>,  eup  h  solutinn  of  aulphiite  of  copjjtT — the  Uva  cups  lieing 
conrieeted  by  a  bent  tube  filled  witii  t>olntion  of  Jiitre,  and  lead  being  im- 
nierHed  in  a,  ami  coppt^r  in  ft — reduced  copper  is  depoHited  on  the  latter; 
whilst  nitric  aeid  in  transferred  towards  the  lead, — and,  by  its  oxidating 
action  on  tiie  Hulpbo  carbonate  of  potassium,  causes  bicarbonate  of  potash 
and  Deedle-8hap<.(d  carbonate  of  lead,  together  with  rhombic  oclnhutlrouB 
of  oulphur,  to  be  deposited  in  the  cup  a  and  on  the  lead.  (Beciiuerel.) 

4.  One   Metal  and  two  Liquids.     Bucholzian   Circuit. 

When  the  same  metal,  cither  in  one  piece  or  in  two  pieces  metal- 
lically cotniectcd,  is  iituiiersed  in  two  (Ufferent  lii]uid«  which  touch  one 
(mother,  eifher  immediately  or  through  the  medium  of  a  porous  eoiniccting 
body,  the  part  of  the  metal  situated  in  one  of  the  litimds  often  takes  up 
one  or  more  of  the  eleetm-negative  elements  cff  this  liquid  ; — and,  at  the 
same  time,  one  or  mure  of  the  electro-positive  elements  of  the  other  lirpiid 
is  (lei>osited  on  the  |iart  of  the  metal  thereui  immersed.  In  tliis  case  also 
an  electric  current  is  produced,  ]X)sitive  electricity  going  from  the  latter 
part  of  the  metal  direclly  to  the  foiTuer,  or — what  comes  to  the  same 
thing — from  the  former,  through  the  liquid,  to  the  latter.  In  gliort,  that 
part  of  the  metal  which  combuies  with  the  elcctro-ncgntive  elemeids  of 
the  liquid,  is,  acc^)rduig  to  the  usual  mode  of  expression,  positive  towards 
the  other. 

Tliis  case  is  therefore  different  from  that  already  described  (p.  329.... 
,^3<i.)  in  wbich  tiie  metal  dipping  into  two  liquids  suffers  no  cliomical 
oltenition,  but  merely  serves  to  reunite  the  two  electricities  which  have 
been  Bej>arated  by  the  combination  of  the  two  licjiiids. 

[A  metal  may  be  inclined  to  take  electro-negative  elements  from  one 
li([uid  rather  than  from  another;  <?.  g,  it  is  more  inclined  to  oxidate  in  an 
at-iid  or  an  alkaline  !i(iuid — in  which  the  predisposing  affinity  of  the  acid 
or  alkali  for  tlie  metallic  o.xide  comes  into  play — than  in  a  nenti*al  solu- 
tion. As  soon  as  it  does  this,  negative  electricity  is  set  free  in  it, — passes 
uito  the  part  of  the  metal  situated  in  the  other  liquid, — ami  thence  to  the 
cloctro-i>ositivc  element  of  that  liquid  %vhicJi  has  been  set  free  at  that 
very  place  by  transposition  of  atoms  (p.  342,/).  The  different  tendencies 
of  the  several  liquids  that  may  at^t  on  the  metal  to  produce  purely  che- 
mical or  elect ro-ehemical  action,  must,  however,  be  taken  into  account. 
The  ele<.^tric  ciUTcnt,  which  results  from  the  i>imbiriation  of  the  two 
lii|uid.s — and  is  for  the  most  part  in  the  opposite  dircH--tiou— is  so  small  in 
quantity,  that  it  need  not  be  taken  into  consideration,  except  in  a  few 
ciises.] 

In  these  exiwiiments,  the  two  liquids  are  either  carefully  disposed  m 
a  vessel  one  alx)ve  the  other  (^which  was  Bucholx's  arrangement),  and  a 
metallic  rod  introduced  in  such  a  manner  as  to  dip  into  Iwjth  of  them; — 
or  Api>aratU8  2,  3,  4,  fl,  6,  7,  or  8,  is  matle  use  of,  by  dippijig  into  the 
two  Uquldtt,  either  the  two  ends  of  a  simple  metallic  aix^.  or  else — in  order 
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to  observe  the  current — two  pieces  of  the  same  metal  connected  by  the 
galvanometer. 

Aa'd  and  water.  If  a  pQe  be  oonBtnicted  in  the  followinff 
Pasto-bnard  saturated  with  water — zinc  (nr  tin,  or  charcoal) — pastc-l 
saturated  with  nitric  acid — pasto-board  saturated  with  water — j-inc, 
&c., — positive  cloctricity  goes  ftoni  th«  iirfit  piece  of  paste-board  Huturatrfl 
with  water,  tliruugh  the  galvanometer,  to  the  last  i»iece  saturated  with 
nitric  acid. — In  a  pile  coinix)sed  in  a  similar  manner,  of  water,  one  motal 
(the  l.>est  IB  lead,  copper,  or  silver),  and  «nlphnrt'tted  hydrogen  water,  thu 
current  tiikee  the  op|:K)Bite  direction.     (H.  Davy.) 

If  both  divJHions  {App.  3)  contain  water,  no  current  is  prodnoed  an 
the  imnicrKion  of  zinc,  iron,  or  copper  ;  but  on  adding  to  the  w^ater  in  om 
of  the  divisinns,  &  small  quantity  of  sulphuric,  hydrochloric,  or  nitric  add, 
the  metal  dipping  mto  it  becnmca  positive  (i.  e.,  p«58itive  electricity  g^*.-* 
from  the  metal  immersed  in  the  water,  through  the  galvanometer,  to  that 
which  is  immtTscd  in  the  acid).  Ilyponitric  acid  gives  a  contrary  rc«ah. 
(Ritchie,  A'.  Ed.  J,  of  Sc.  2,  150.)— If  cup  a  (App.  2)  contains  water, 
cup  fi  nitric  acid,  the  siphon  h  solution  of  connnon  salt,  and  copper  is 
immersed  in  both  cupis,  thecopix>r  in  the  nitric  acid  is  jwsitive.  (BecrjuereL) 
[Th(!Be  results,  obtained  by  Kitelue  and  Becquercl,  are  oppo^nl  to  that 
of  Davy,  anfar  as  regards  the  nitric  acid  :  difference  of  oonocntration  may 
perhaps  account  for  the  di8cre|»aiiey.  With  rc8f>ect  to  Davy'tj  result^  tLi? 
observ-ation  in  page  344,  ».  6,  must  f>e  taken  into  consideration. 

The  timne  acid  of  different  degrees  of  concentration,  Wheii  the  arm  n  ot 
the  U-tul)e  (App.  4)  contains  concentrated,  and  b  dilute  nitric  acid*  tin  im- 
mei-sed  in  tin;  dilute  acid  is  positive  towards  the  same  metal  in  the  8truQ|f 
acid.  (Faraday.) — The  arm  a  (App.  i)  containing  a  mixture  of  49  inrtsctf 
oil  of  vitriol  and  9  of  water,  and  A^  con  tabling  water — which,  by  agitAtion  of 
the  surface  of  contact,  has  taken  up  a  small  tpiantity  of  acid  and  l^'cnsiib* 
Bcipicntly  cooled, — iron  apjK-ars  sliongly,  and  copper  feebly  positive  iu  the 
acidulated  water ;  tin  and  lead,  on  the  contrary,  are  jiositive  in  the  strongvt 
acid:  zinc,  cadminm,  and  silver,  give  no  current,  (Faraday.)— The  SJimo 
arraugement  being  made  with  highly  concentrated  hydrochloric  acid  and 
water, — zinc,  cailmium,  tin,  lead,  copper,  and  silver,  are  p«58itivo  iii  the 
aciilulutcd  water, — iron,  first  negative,  then  permanently  positive.  (Fa- 
ra<lay.) 

Zinc,  cadmium,  tin,  lead,  cop|>er,  or  silver,  imniersed  in  dilute  add, 
(App.  4),  is  strongly  ixn^ilive  towards  the  same  metal  immersed  in  cflii- 
centrated  acid.  With  silver,  however,  the  direction  is  variable; — Ur' 
ciurent  is  often  suddenly  reversed,  and  theu  again  ivsuniea  its  fomiei' 
direction.    (Faraday.) 

Let  1  be  oil  of  vitriol ;  ■^,  a  mixtnre  of  1  measure  of  oil  of  \*ttriol  with 
2  measures  of  water;  ^,  a  roixture  of  1  measure  of  oil  of  \-itrio|  with  20 
measures  of  water :  tin  in  1  is  positive  towards  tin  in  |  or  ^  j  and  tin  in 
4  is  positive  towards  tin  m  f\. — Lead  or  copper  in  ^  is  (xwitivo  towanL; 
lead  in  1  or  ^. —  Iron  in  1  is  negative  towards  irt)n  in  ^  or  -,1^  and  inm 
in  {  ifi  negative  towards  iron  in  ■^.     (Faraday.) 

Ix>t  1  he  concentn»ted  nitncacid;  ^,  a  mixture  of  1  measure  of  the 
same  with  1  measure  of  water;  ^,  with  3  measun^s  of  water ;  ^  with  80 
measures  of  water :  lead  in  {  is  positive  towanls  lead  in  1  or  ^,  and  *  "^ 
in  4^  is  ixfsitivp  towards  lead  in  1. — Cop|iier  in  |  is  positive  towards 
per  in  1  or  ^;  copfKT  in  {  is  positive  towards  copper  in  1;  and  m 
towards  coppc-r  in  ^.    (Faniday.) 

Different  etcids.    One  arm  of  the  bent  tnbc  (App.  8)  containiu^  oU 
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vi tr!ol» — the  other,  ooncentratod  nitric  ticid, — the  zinc  in  the  former  is  posi- 
tive, but  ln'conios  negative  after  the  circuit  has  been  closed  for  eome 
time.  [In  conwtquenw!  of  l)einfr  coated  witit  Knlphate  of  zinc?J — Iruii, 
copp<!r,  and  silver  are  likewise  [wisitive  in  r>il  of  vitrinl,  iiejjrative  m  nitrit; 
acid, — irori  the  mnet  8troiip;ly,  silver  the  least.  XevertheleKS,  zinc,  eopjHj'r, 
and  silver  arc  most  strongly  attacked  in  nitric  (icid.  Although,  thpfef»>re, 
the  greatcBt  ^"luantity  fif  electricity  must  be  set  free  in  that  part  of  the 
circuit,  it  liccomes  directly  neutralized  at  the  surface  of  the  metal, — becaiiiM; 
the  jiasHage  of  jwsitivo  electricity  from  the  nil  of  ^^trio!  to  the  other  piece 
of  metal  is  attended  with  difficulty.  (De  la  Kive.)  [Nitric  acid  has  a 
peculiar  inclination  for  pure  cheuucal  action  (p.  344,  t.  6.)] 

Aikaii  and  water.  If  a  pile  Iw  constructed  in  the  toltowing  order: 
Paste-board  saturated  with  water— charcoal — {.►aate-lioard  saturated  with 
Bohituin  of  soda,  &c.,  «itc.,  jHwitive  electricity  goes  from  the  last  [liece  of 
paste-board  saturated  with  soda,  through  the  galvanometer,  to  the  first 

tiieee  saturated  with  water.  Similarly,  if  we  airauge  one  above  the  other: 
•aste-hoiird  saturated  with  water — zinc — imste-board  fiatimite<l  with 
water  and  8prinkled  on  the  side  touching  the  preceding  zinc  with  hydrate 
of  potash — ziuc,  &c.,  &c.     (H.  Davy.) 

Alkali  of  different  derp-ces  of  conraitration.  Zinc,  cailmium,  tin,  and 
lead,  are  strongly — coi>[m:t  moderately — and  iron  slightly  jxisitivo  in  con- 
centrated alkau,  towards  the  same  metals  in  dilute  alkali.  (H.  Davy ; 
Faraday.) 

Potash  and  htfdromdphate  of  potassium,  Ziuc  in  fiotash  is  positive 
towards  zinc  hi  hydrosul|»hate  of  putassium.  Silver  and  palladium  are 
negative,  copjxT  almost  neutral.     (11.  Davy.) 

Acid  and  alknli.  Zinc,  tin,  lead,  or  copper,  in  strong  sohition  of 
pota«h  {App.  3),  is  jMwitive  towards  the  same  metal  in  dilute  8ul|ihuric 
add.  In  this  action,  the  load,  tin,  or  amalgamated  zmc  in  the  sulphuric 
acid,  even  becomes  covered  witli  bubbles  of  hydrogen  gas — pnn'ecduig,  not 
from  the  purely  chemical  action  of  the  acid,  but  from  the  eIectro-chemi<'al 
action  of  the  potash, — their  evolution  ceasing  when  the  circuit  is  closed. 
(Faraday.)  With  |>i:>ta«h  on  the  one  side,  and  sulphuric,  nitric,  or  liydri>- 
chloric  acid  on  tlie  rtther,  sdnc  is  more  strongly,  iron  and  copper  less 
strongly  positive,  in  jiotash.  With  dilute  SHlphinic  acid,  the  current  is 
stronger  tlian  with  the  same  acid  concentrated.     ((Jrove.) 

Wider  and  »olution  of  common  salt.  Copjx;r  in  S(>hition  of  common 
Bait  is  i>o.Kitive  towards  copjier  in  water.     (II,  Davj'.) 

Acids  and  chloride  of  calcium.  Zinc  and  copjier  in  solution  of  chloride 
of  calcium  (App.  5)  are  positive  towards  the  same  metala  in  dilute  nitric 
acid.     (De  (a  Rive.) 

Heuvij  metallic  salta  [and  water.  If  pure  water  be  carefully  poured 
upon  a  solution  of  chloride  of  zinc,  and  a  zinc  rod  immersed  in  both 
liquids,  zinc  is  de[x»8ited  on  its  lower  end.  If  water  be  placed  upf»n  a 
cunceiitrated  solution  of  protoeldoride  of  tin  containing  a  little  free  ivcid, 
and  a  rod  of  tin  be  introduced,  a  j)ortion  of  tin  is  dissolved  from  it  in  the 
lower  Uqnid, — while  crj'Htalline  tin  is  deposited  upon  it  at  the  surface  of 
c(uitaia  of  the  tin  solution  and  the  water.  (Hucholz.)  But  if  the  tin-eolu- 
tion  does  not  contain  free  acid,  a  portion  of  (in  dissolves  at  the  surfat^e  of 
contact  of  the  soluticm  and  the  water,  wliiletin  is  reduced  on  the  lower  part 
of  the  rod.  (Kitter,  A.  Gefd.  1,  427.)  A  leaden  rod  similarly  immersed  in 
water  and  sohitiuTi  of  nitrate  of  lead,  liecomes  corroded  ah<»ve  and  covered 
with  reduced  lead  below.  A  similar  effect  is  produced,  when  a  saimuted 
solution  of  nitrate  of  copjKT  iw  placi;d  at  the  bottom  of  a  tulM-,  water 
above  it,  aud  a  copper  rod  imiuersed  in  both, — the  action  being  paiticu- 
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larly  strong  when  a  Binall  quantity  of  nitric  acid  is  added  to  the  vaur. 
(If  tlie  water  by  chance  reniaius  luimixed,  nn  action  in  upparcut ;  l»ut  if  it 
cuntaina  a  littlu  nitrate  of  cupjicr,  the  action  comniciuxTB  unincdiatrly. 
Gm.)  In  fill  those  fusoH,  and  thusc  yet  to  bo  described — as  recorded  bv 
buclmlz— ttie  nietullic  r<id  is  found  to  remain  unaltered  for  a  »mail  Hfmoe 
lietwefta  tlie  jmrt  at  wliich  it  becomes  corroded  and  that  at  which  rcdnoci 
raetal  is  de|iOflited  upon  it.  (liucholz,  A.  Gehl.  3,  324  and  424  ;  A",  GtJd. 
5,  127.)  A  roil  of  Hilvcr,  di[kitinff  into  water  and  solution  f»f  nitrati*  ul 
silver,  bccumescornHlod  ami  ac«inire8  a  brown  adour  in  the  water— -whiltit 
silver  is  precipitated  on  the  lower  part,  which  is  immersed  li»  the  wItct 
solution.  {Orott/iuns.}  If  two  pieccH  of  zinc,  iron,  or  inari^jr-anese  ore  iia- 
mersed  in  wat<'r  and  the  aipieouw  sotntion  of  the  coriesjKjnding'  sulphate-. 
the  |iiece  immereed  in  this  solution  becomes  positive  and  oxidues. 
(Uecrpiorcd.) 

Hmvii  metallic  salts  and  acids.  Dilute  nitric  acid  beingf  placed  on  ft 
solution  of  nitrate  of  lead,  or  dilute  acetic  acid  upon  acetate  uf  lettd.  aa 
immersed  leaden  rod  becomes  corroded  above  and  coated  with  tuetallic 
lend  Iti'iow.  A  similar  effect  is  produced  \\[i\m  a  copfjcr  rod  iuimoi>ied  in 
diluti'  nitric  acid  and  nitrate  of  cop]>er,  or  dilute  Bul|)huric  acid  aud  siil- 

tihate  of  cop]Huv  So  likewise  with  a  silver  rod  in  water  coutaiiiiup  a 
ittle  nitric  acid  and  a  neutral  solution  of  nitrate  of  silver.  In  all  thctw 
cases,  the  metal  corrodes  in  tlie  acid,  and  beoomea  coated  with  rtxiuccd 
metal  in  the  metallic  solution,  {Buchol/..}  In  a  concentrated  Mcdutiou  iif 
sulphate  of  copper  covered  with  dilute  nitric  acid,  a  copper  rod  becoiui''9 
coated  with  small  metdlic  octoheth-ons.     (Eisner.) 

Ilenvif  metallic  salts  and  ammoiUa,  The  lower  stratum  conai^tii])^  nf 
sulphate  of  copjier  dissolved  m  water  aindidated  with  sulphuric  acid,  the 
«|)per  of  ammonia, — a  copjcr  wire  immorsed  for  twelve  hours  iu  ibeito 
liquids  becomes  corroded  iu  the  cojtjxT  sohjtiou,  and  covered  with  cryi 
of  copftor  Ul  the  ammonia.     (IkTzelius,  Lrhrhnch.) 

Jitatvf  rneta/lic  salts  and  sulphide  of  carbon.  If  aquonns  hoIuUod 
nitrate  of  copper  be  placed  aiiove  sulpliiile  of  carlH:»n  in  a  glass  tnbo  ttfttlcd 
at  the  bottom,  and  a  plate  of  copj>cr  inunorsed  in  these  iiquidt?.  crystah 
of  suboxide  of  copper  fonn  on  its  npiK-rpart;  aud  carbon  (Hulphide  vi 
cop|[ier?  Gin.)  is  dep<jsited  on  the  tube  in  thin  laminae,  {x»ai$o««iuj^  Ux^ 
nu-tallic  lustro. 

Ileat'if  metallic  salts  and  alkalint  salts.  Cup  a  (App.  2)  containing 
common  salt,  and  cup  b  sulj>hate  of  zinc, — zinc  immersed  in  the  latter  t» 
positive ;  so  likewise,  iron  dipjiing'  into  common  salt  and  proto(4u]phat«  of 
iron.  — lint  copfxr  in  nitrate  of  cop]»er  is  negative  towartls  copj^ter  in  cmn- 
nii>n  salt ;— similarly,  with  lead  in  nitrate  of  lead  and  ccHniimn  Halt  [wilii 
nitric  acid  and  heavy  metallic  nitrates  there  is  a  p^t^uliju"  teiuKMicy 
to  pure  chemical  action]. — The  U-tube  (App.  4)  containing  asbcstOK 
at  A,  solutiun  of  chloride  of  barium  at  a,  aud  solution  of  chlnnde  of 
lead  at  b,  and  the  ends  of  an  arc  of  lead  dipping  into  tho  two 
arma  of  the  tube,— shining,  silky  ciystals  are  forme<l  on  the  lead 
a  [which  is  therefont  i»ositive]  ; — these  crystals  ap^n'ar  lo  h<!  a  c» 
bination  of  chloride  oi  load  with  chloride  of  barium.  — If  tlic  arm 
ciuitains  solution  of  common  salt  with  ciystalM  of  the  soniu — the  ann  A| 
solution  of  Buli>hato  of  c'ip(*'r  with  oxide  of  cop|K;r, — and  the  ends  (it  M 
copjK'r  wire  dip  into  the  tw4i  arms,— cop|ter  is  de|K>Bittd  on  (he  end  im- 
mersed in  the  blue  vitriol,  wliich  is  negative.  The  sulphuric  acid  thervby 
lilmmted  dissf>lve«  the  oxide  of  copiK-r, — and  the  copper  in  the  sidt  nolu- 
tton,  which  lK*com<'s  tdkniine  pM<niusr<  tlie  snl[ihuric  aciil  does  not  paas 
over,  and  the  oxyf(<^ii  of  the  oxide  of  cpixT  cnmbines  with  the  HNliiiin  of 
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the  common  salt  and  sends  chlorine  to  the  copper],  covers  itself  with  octo- 
hodroHB — ■whii.'li  ajipear  In  be  u  comliitiatioii  of  subchloride  of  copptr  w-ith 
cbli)ride  of  sodiiun,  and  give  up  the  latter  to  the  water  ; — they  are  at  firut 
traiisf^mrfrit  aiid  colourless ;  but  when  the  exixsrimeiit  lasts  two  or  thrc6 
montbR,  tlii'y  becume  tirwt  violet  and  afterwards  emerald  preen,  remaining 
however  trauapareut.  [Prototihloride  oi  copper  +  cblnrlde  of  Hodiutti  ?] — 
WIkmi  Kal-anniioiiiac  is  used  in  this  expf^riment  instead  oi  common  sidt, 
and  tlic  air  is  kept  from  the  arm  a,  octohedrons  with  trmicated  edg^cs  and 
summits, — at  first  colourlesB,  but  afterwards  acquiring  an  araethyKt  tint — - 
are  de)x>sitcd  on  the  coppor  in  the  Kal-aitimoniac,  and  BonietirncB  fiix-siJed 
prisniH  ntwjn  these.  Both  these  compounds  are  decnrn|>oBed  by  water, 
which  extracts  the  sal-animotiiac.  Nitrate  of  copper  behaveti  with  conmion 
salt  and  sal-ammoniac  juBt  like  6nl]>hate  of  copper,  (chloride  of  potassium 
or  chloride  of  barium  substituted  for  common  aalt,  deposits  on  the  copper 
similar  compoundu  of  chloride  of  copjicr  with  chloride  of  [lOtaBsiuni  or 
chloride  of  barium  in  tetrahedrons.  Silver  irumersed  in  nitnitc  of  silver 
and  aqueous  solution  of  sal-ammoniac,  chloride  of  potasKium,  chloride  of 
Roiiium,  or  chloride  of  barium,  oovers  itself  in  like  manuer,  iii  the  last- 
mentioned  solutions,  with  octohedml  or  tetmhedral  combinations  of  chloride 
of  silver  with  these  metallic  chlorides.  Tin  dippiug  in  tho  same  martnor  into 
comioon  salt  and  sulphate  of  coj)i>er,  covers  itself  in  tho  funiier  with 
needles  of  chloride  of  tin  and  sodiimi — and  lead,  with  tetrahedrons  of 
chloride  rif  lead  ami  soduim.     (Becquerel.) 

If  solutiitu  of  sal-ammoniac  or  common  salt  be  poured  upon  pulverized 
oxide  of  lead  in  a  tube  sealed  at  the  bottom,  and  a  nxi  of  lead  immersed 
BO  as  to  touch  the  oxide,  reduced  lead  is  deposited  upon  it.  When  solu- 
tion of  sal-ammoniac  is  placed  abnve  peroxide  of  lead,  an  imnierHc*!  leaden 
rod  becomes  covered  with  needles,  from  which  water  extracts  sal-ammo- 
niac,— probalily  therefore  chloride  of  lead  and  ammonium.  [In  the  first 
place,  oxide  of  lead  dissoh^es  at  the  lower  part  in  sal-ammoniac  or  comnum 
salt :  two  liquids  are  thus  formed  :  the  fomier  yields  chlorine  tu  the  lead  ; 
the  latter  dejH)sits  reduced  lead,  if  protoxide  of  lead  has  been  nsfd — or 
when  peroxide  rif  lead  is  employed,  extracts  oxygen  from  it.] — In  hko 
manner,  a  copjier  rt>d  dipping  into  oxide  of  copper  and  solution  f>f  sal- 
anniioniac — access  of  air  being'  prevented — becomes  covered  with  largo 
crystals,  consisting  of  a  combination  of  sub-chloride  of  copper  with  sal- 
ainmouiac — ailourless  at  first,  afterwards  acquiring  a  yellow  tint,  and  dif- 
fering in  fornr  from  those  previously  mentioned  (p.  4t>0).     (Becquerel.) 

If  the  tube  stojtixul  at  tho  bottom  with  clay  (App.  8),  contains  solu- 
ti<m  of  iodide  of  potassiiuo — the  tube  b  solution  of  nitrate  of  lead — the 
vessel  (-"  any  conducting  watery  liquid — and  the  ondH  of  an  arc  of  lead 
dipping  into  a  and  b, — white  silky  needles  of  iodide  of  lead  and  jxitassium 
are  deposited  upon  the  lead  in  a,  gradually  decomposing,  and  changing 
into  octoliedrons  of  iodide  of  lead. —  If  a  contains  iodide  of  potassimn  or 
Bodiiuii,  and  b  sulphate  of  copper,  metallic  cojtper  is  deposited  on  the  Itiad 
in  b ;  and  on  tho  lead  in  a,  long  silky  needles  of  iodide  of  lead  and  jjotas- 
eium,  or  iodide  of  lead  and  sodium,  from  which  water  extracts  iodide  of 
potassium  or  sodium. — Copper  treated  in  tho  same  manner  gives,  at  fii'st, 
white  needles  of  iodide  of  copper  and  pota.ssium,  then — after  their  decom- 
position— octohedrons  of  iodide  of  copper.     (Bwquerel.) 

Tul>e  a  {App.  8),  containing  hydrosulphate  of  potassium,  which  should 

be  slightly  decom|»Ked  by  exposure  to  the  air,   and  tube  b  cfjnt tuning 

nitrate  of  copjwr,  sulphide  of  copjjcr  and  potassium  is  at  first  dei)OBitcd 

on  the  copj.x3r  in  a  in  fine  silky  needles ;  these,  however,  are  gradually 
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decompowed,  and  converted  into  grey,  metallic-shiuing'  crystala  of  jiwPi 
plinrct  of  copfK-T  ivith  trianfnilar  faces, — If  the  copper  salt  be  rr|»l« 
nitrate  of  silver,  and  the  c<i[if)er  arc  1»3'  a  stiver  arc,  the  silver  in  A  U 
covered  witli  silver,  and  the  fiilvor  in  <t  with  be»u(ifiil  ijrisniR  of  nuX 
of  silver  anri  }>(>tas.siuni,  which  are  gradually  deeonijwsed  by  the  nitricl 
carried  over  to  thera,  bo  that  sulphate  of  potash  and  octoliedr&l  salpbids' 
of  nilver  are  produced.     (Beeiiuerel.) 

The  tulK?  n  8t(t|i[.ted  with  clay  {ApjK  7),  Wing'  filled  with  a  eolnt 
Iticarlinitate  of  «oda,  the  vesnel  A  with  a  wilution  of  sulphate  of 
and  a  coppi'r  arc  dspjiint,'-  into  the  liquids,  co]>[)or  is  reduced  on  the  co^xr 
in  b,  and  bluish  green  silky  needles  of  carbonate  of  copper  and  Kodftj 
dcpoaited  upon  a.      if  now  the  carbonate  of  goda  in  a   be  re]>Iiio< 
water,  tlie  galvanic  action  beconicH  weaker;  but  the  sulphuric  acid 
ffoes  over  from  the  sulphate  of  copp^T  deeomposes  the  above-mootii 
double  salt  into  Rultihate  of  fioda,  and  jiartly  cryatalline,  partly  piilvct 
carbonate  of  oopi^er.     (Ik'oquer<-l.) 

Two  diferciit  heavi/  vKtaliic  mtts.     Cuji  n  (App.  2),  containing^  Rulphatd 
of  ziue,  and  cup  b  nitrale  of  cojtjKT,  copper  in  a  is  j»ositive  to-wards  copper  I 
in  b:  so  likewise  with  zinc  and  lead.     (Becqnereh) — A  cop{>er  nnJ  dipfiiu^if 
into  a  vessel  filled  with  Kohition  of  c(jrrosive  subhmate,   at   the  lK>ttom 
of  whieli  is  i»laced  a  j)iece  of  eopfHM-  [a  portion  of  which  dipsolvoft, 
foniip  the  second  li(pud'],  becomes  covered  with  mctalhc-sliiiiitjg  lamii 
chloride  of  inercmy  and  copjH";r.     (Becquerel.) 

One  mftaUic  salt  with  dijcrent  pmporttnnit  of  acid.  The  cupe  a^  b  (App,  i\ 
containing  the  same  Holntion  of  chloride  of  antimony,  aim  a  bar  of  anti- 
mony connected  with  the  g'alvaudnicler  dipping  into  hioth  of  them — » 
current  is  produced,  as  sonn  as  a  pitrtion  of  acid  is  introduce<l  inrn  the 
cup  a,  the  antimony  imrnerged  in  the  acid  Rolution  tKKJoniing'  pod  live. 
So  likewise  with  rhlojide  of  bismuth  and  metallic  bismuth;  ivith  sul[ 
of  tin  and  metallic  tin;  with  chloride  of  lead  and  metallic  lead; 
eldonde  of  iron  ami  metallic  iron  ;  with  nitrate  of  copjier  and  motullic  oo| 
— Hut  with  sidphate  of  zinc  or  protosulphate  of  iron,  on  the  contrarr,! 
sdnc  or  iron  in  the  acidulated  solution  liecomcH  negative.     (B«.x*queivl.) 

When   acetate  <if  lead  is  poured  ujkjii   pulverized  lithargt.' in  a 
tulnv  and  a  bar  of  lead  immersed  in  both,  protoxide  of  lead  in  den" 
drona  atul  needles  is  depf)sited  ujK>n  it. — If  the  tube  contaiiiB  pull 
oxide  of  cnp]H.T,  a  saturated  S(thitioii  t>f  nitnit<!  uf  copper,  and  a  co| 
— the  tulie  iK'ing  alsn  well  closed — metallic-sinning'  ix^tohedrons  or 
of  suboxide  of  co[>per  are  di']K>sited  ou  the  rod  in  ten  or  fourteen 
If  the  tube  ccmtains  much  oxide  t^f  copjwr,  the  li(iuid  in  the  conrso  of  1 
a  year  completely  loses  its  colour,  and  is  then  found  to  contain  riitral 
ammonia.     When  the  ({uantity  of  oxide  of  copper  is  smaller,   th« 
I'emainH  coloured — and  llic  cryfitals  of  sulxixiao  of  copper  formtHl 
beginning'  lose  their  htstrc,  and  take  up  nitric  acid. — \Mieii  oxide  of 
and  aqueims  solution  of  chloride  uf  c<ip|x'r  are  jilaced  in  the  cIokhI 
the  lit juid  loses  it  colour ;  and  on  the  copper  rtnl  is  dejMisit*"*!  c 
BulM-liiiiride   of  copper — which,    on    the    side   turned   towards    the 
beconies  c.<»vered  with  capillary  cr^^KtalH  of  Hub<fxide,     {li<H'(Hiprrl.) 
much  in  th«>H«>  exjM'riments  is  to  be  attributed  to  electro-chemical,  aac 
much  to  purely  chemical  action,  is  yet  to  bo  dolcrmined.] 
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5,  The  four  ends  of  two  metallic  arcs  (lip  into  tteo  separate  vessels  filled  with 

liijtiid. 

Tn  these  casea,  one  of  the  liquiils  is  decompoaed  by  the  metal,  the  other 
by  the  electric  current  thus  prudiiced. 

A«  The  same  liquid  in  both  vessels, 

a.    Two  Metals. — The  ends  of  both  vietaU  dip  into  one  vessel,  the  ends  of  ottt 
metal  oidy  into  the  otlar  vessel. 

Tn  the  fullowiug  experiments,  Faraday  made  use  of  App.  19.  TIvo 
platiiuuii  wire  o  which  dips  into  t!io  glass  vessel  a,  is  oiiituiued  by  the 
galvanometer,  and  connected  by  the  irou  wire  //  :  with  the  platinum  wire 
p,  which  dips  into  the  vessel  b.  The  u-nn,  nickel,  or  silver  wire  dipping 
into  u  i«  connected  at  x  with  the  iilatinum  wire  i  %vhich  dips  into  b. — The 
ciurreut  excited  by  the  iron,  nickel,  or  silver,  in  connection  with  the  pla- 
tinum in  tlie  li<tuid  of  the  vessel  <t,  has  to  make  its  way  throngh  the 
lirjnid  in  the  vcbsel  b,  which  weakens  and,  in  soutu  cases,  completely 

BtOpfl  it. 

If  a,  b,  contaia  nitric  acid  freed  by  boiling  from  nitrouH  acid,  the  iron 
appears  slightly  ptisitive  (i.  «.,  positive  elcMjtricity  goes  from  o  througli  ^, 
5,  ;j,  iV  to  (/);  but  the  cuiTent  is  so  feeble,  that  it  is  far  exceeded  by  the 
opfHisite  enrrent  excited  by  the  mtroduction  of  a  piece  of  paper  moistetied 
with  hydroeidorie  aciit,  between  the  iron  and  lilatiiium  at  x.  A  similar 
result  is  obtained  when  the  end  of  the  iron  wire  which  dips  into  a  has 
been  made  |itissive  by  ignition  in  the  air.  If  the  acid  is  ihluted  with  four 
meawnrefi  of  water,  the  cun'ent  is  still  weaker;  and  iii  both  cases  it  is  sur- 
passed by  a  tlieruio-electric  carreut  produced  by  a  single  pair  of  bismuth 
and  aiitbnotiy. 

Wiien  a,  b,  contain  fuming  nitric  acid — which  conducts  better  than  the 
ordinary  acid — iron  produces  a  stranger  current,  wiiich  is  only  reduced  one 
half  liy  the  opposite  thermo-electric  current  of  a  single  pair  of  bbmutii 
and  antimony. 

If  bi)th  vessels  contain  a  mixture  of  equal  parts  of  hyponitric  acid  and 
water,  bi>th  ignited  and  nnignited  iron  are  at  first  slightly  positive  ;  but 
the  current  sofyn  ceases.  Uniguited  iron  in  n  Ix'Ctimes  passive ;  but  the 
circuit  still  conducts  a  thcrrao-electrie  current  well  (though  not  nearly  so 
well  as  eulpliide  of  potassium) — and  moistened  pajK'r  between  the  iilati- 
num and  irou  at  x  excites  an  oppisite  current.  When  the  end  of  the  iron 
dip[>ing  into  a  has  been  ignited,  the  circuit,  after  it  has  become  inactive 
cnnduetfl  the  thermo-electric  current  with  great  facility.  [Iron  rendered 
passive  by  hyponitric  acid  is  covered  with  |>eroxide  of  iron,  which  is  not 
quite  s<>  good  a  conductor  as  tlic  black  oxide  (Fe*0*),  with  which  u"on 
rendered  jmssivc  by  ignition  is  coated.] 

In  concentrated  aqueous  solution  of  potash,  silver  gives  scarcely  any 
cnrreni ;  iron  or  nickel,  a  feeble  cuiTcrd.  which  soon  diminishes.  When 
the  solution  of  potash  is  diluted  with  six  measures  of  water,  silver  gives 
nr)  current,  nickel  or  iron  a  feeble  one,  which,  however,  continues  for  a 
longer  time.  In  ttiese  cases,  paper  wcttxjd  with  nitric  acid,  introduced  at 
jr,  excites  an  opposite  curreut  of  greater  strength. 

If  the  cups  rt,  b,  contain  yi;llow  soluticMi  of  sulphide  of  potassium,  the 
irtm  appears  negative  towards  the  pUitinimi  for  ten  mbiutes,  on  account 
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of  the  oxide  which  adherei*  to  it.  After  this,  the  carrent  ceases  altogetbfr. 
Nevf>rtht>Ipss,  the  circuit  conducts  admirably — and  produces  a  thennr^- 
elpctric  c^lr^('t^t  on  the  application  of  heat  at  ar,  i/,  or  r  (where  the  iron  nnJ 
platituini  touch  one  anotlicr) — and  a  galvanic  cnrrent  of  still  greater  power 
on  tho  introduction  of  jiajw^r  moistened  with  dilute  acid  between  the  Vnw 
motals. — It  apix-ars  tiicn  that  no  ciirrfnt  is  excited  by  the  contact  of  two 
hetcrogencoiiB  metals  at  x  (the  effects  of  contact  at »/  and  e  would  neutra- 
lize Citch  other) ;  but  wlicri  tlie  metals  are  separated  aX  jp  by  a  moist  con- 
ductor, a  current  ia  produced. — Just  as  platinum  behaves  with  iroQ  in 
solution  of  Bulplndf  of  j«itusRiimi,  bo  also  does  gt>ld  behave  with  iron  or 
nickel,  and  i>alladium  with  iron  or  nickel:  the  slight  deflecti«in  of  tb« 
needle  which  always  takes  place  at  firnt,  soon  ceases.  Only  in  the  case  nf 
platinum  with  patladium,  ts  t!ie  veiy  feeble  current  of  longer  duration — 
the  palladium  after  some  time  becoming  covered  with  sulphide  of  palladioRi. 
(Faraday.) 

If  the  cufffl  a,  6  {Apj).  2)  contaiu  solution  of  nitrate  of  silver — the  MO 
ff  i  eonsintinj?  of  Hilvcr,  the  arc  op  oi  zinc  at  o  and  uf  silver  at  p — a  sJlvrr 
tree  is  formed  at  p  and  j,  and  likewise  [\*y  purely  chemical  actionj  on  tlic 
zinc,  whilt^t  the  sih'er  end  *  dissolvca.     (IL  Rose.) 

The  ciifw  (T,  b  {App.  2),  containing  solution  of  nitre — o  bein^EiQCf 
platinum,  and  j  i"  zinc — the  current  is  stnm^r  than  when  a  and  A  an>cuii- 
nected  bj  a  bundle  of  thix-udu  «aturut»d  with  solution  of  nitre,  instead  »f 
by  tin"  arc  of  zinc.  (11.  Davy.)  In  Faraday's  exiwriments,  thre<j  ends  of 
the  U'Hfl  oxidable  metal  are  UBcd;  ui  those  of  Davy,  three  ends  of  tin*  mure 
oxidable  metal.     (Vid.  Decompositions  by  the  electric  current^  DiapArrtgmt.) 

b.    Three  Metala  and  one  Liquid.      One  metallic  arc  consiaU  of  two  digintt 
metalsy  the  other  of  the  third  metaL 

The  cops  a,  h  {App.  2),  containing-  a  solution  of  copper,  and  o  ooi 
ing-  of  ■£inc,  p  of  silver, — copper  is  precipitated  on  the  silver,  prot'ided 
second  metallic  arc  jc  I'is  fonned  of  one  of  the  more  oxidable  metalsj 
of  p-nld  or  platinum.     (Sinp^er.) 

The  vessels  n  and  b  {App.  2),  contaminp  solution  of  nitrate  of  aiti 
and  o  coiisistin*;  of  zinc,  p  nt"  platinum,  g  i' uf  silver, — silver  ia  reda< 
0,  p,  and  <y,  while  tlie  silver  end  i  diss'ilves.  [The  zinc  as  it  oxic 
Bcnils  negative  electricity  to  the  |»latintiju — which  negative  electricitv 
roiiitiiiies  with  the  silver  there  redue<'(l ;  the  silver  reduced  by  zinc  in  n  » 
drfKP8it*'d,  partly  on  the  zinc  by  purely  chemical  action,  partly  on  tin*  silver 
end  </  by  electro-chemical  action.  The  negative  electricity  wliich  hati  to 
c«>mbine  with  the  silver  reduced  at  the  end  g  receives  it  from  the  eilvw 
end  *,  from  which  negative  electricity  is  set  free  by  the  conibinatiottj 
tlie  silver  with  oxygen.] — When  tho  silver  arc  y  t  is  replaced  bv  an  ai  ^ 
(ilatinum,  the  action  is  much  slower  [t)ecaH8o  the  platinum  end  i  take* 
no  oxygen,  and  therefore  gives  rise  to  no  transiMwition  of  atoms  in  h\ — 
If  the  vessels  a,  i,  contain  solution  of  sulphate  of  copjxT,  and  g  I'oonaMtt 
of  silver,  copixjr  is  deposited  t»n  the  zinc  [by  piu-ely  chemical  actionjt 
likewise,  after  twenty-four  hours,  on  tho  jJatinuni  and  on  tlie  silver  ei 
[silver  probably  also  dissolving  at »]. — When  the  arc  y  i  consists  of  ^ 
tinum,  the  platunun  b  does  not  oeconie  coven.'d  \vith  co|iper  till  aft<«r' 
la^we  of  two  days;  but  the  action  is  much  more  energetic  when  the 
is  formed  of  zinc,  tin,  lead,  or  iron.     (Pfaff.) 

If  the  vessels  a,  b  {App.  2)  contain  a  mixture  of  1  port  of  ofl  dl 
vitriol  and  100  parts  or  water,  o  p  being  an  iron  wire  coated  at  p  with 
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peroxide  uf  lead,  mid  g  i  a  platinum  wire, — hydrogen  guft  k  evolvod  at 
the  platinum  cud,  <;,  and  oxy{fen  at  the  jiatimun  end  i.  (Schonbciu.) 

The  mt'talliu  arc  o  p  {App.  2),  cousislitig  of  platinum  dipping  into  a 
by  a  [wint,  but  into  b  by  a  large  snrfacf,  and  the  ciijih  a,  b  containing 
water,  or  a  mixture  of  1  part  oil  of  vitriol  and  10  jmrts  water,  or  1  part 
oil  of  vitriol,  5  parta  common  salt,  and  100  parts  water,  or  a  Qiixture  of 
eea-water  and  nitric  acid, — a  larger  deflection  ie  produced  when  the  arc 
g  i  eouHiats  of  zinc  at  i  and  copper  at  g,  than  when  it  in  arranged  the  con- 
trary way.  But  with  a  mixture  containing  from  1  to  lb  purtn  oil  of 
vitriol  with  lOUO  parta  water,  or  1  part  hydrochloric  fund  and  80  parts 
water,  the  HtrongcHt  deJlection  in  produced  svith  zinc  hi  a  and  copi>er  hi  6. 
With  1  jtfirt  of  common  salt  in  10  of  water,  tho  deflection  in  equally  tstrong 
both  ways.  (MariauiiiL) 

Variom  combinations  teith  three  and  four  metals. 

The  vesselH  n,  b  (App.  2),  contauiing  eitlier  pure  or  acidulated  water, 
the  clu-rent  produces  the  same  deflection  "of  the  ueeiUc  in  each  of  the 
following  three  corid)iuatione  ;  1,  o  zinc,  g  platinum,  p  and  i  cop[»cr; — 2,  o 
ziiic,  p  platinum,  g  and  i  copper ;- — 3.  o  zinc,  p  copper,  y  platuinm,  j  iron. 
(Poggendorff.) 

If  both  vessels  contain  water  acidulated  with  Bulphuric  acid,  o  lieing 
c^uhiiitim,  g  iron,  p  platiruuu,  and  i  copjxir,  the  current  excited  by  copiier 
with  platinum  has  tho  atlvantago  over  that  produced  by  cadmium  with 
iron  ;  whereas  a  eimple  circuit  of  cadmium  and  iron  produces  an  electric 
current  400  times  as  strong  as  that  excited  by  a  copper  and  platinum 
circuit. 

B.  Two  Liquids  and  two  Metals. 

a.  Each  metallic  arc  consists  of  one  metal. 

Thia  arrangcraent  may  be  reg-arded  as  a  combination  of  two  circuits  of 
two  utetals  and  one  hquJd — or,  according  to  Pohl,  as  a  combination  of  two 
circuits  of  one  metal  and  two  hquids. 

Experiuients  of  this  kLid  may  be  made  with  App.  2 ; — Apjt.  20.  (Tho 
up[>er  end  of  one  of  the  nietala  is  bent  nnmd,  and  either  beaten  out  flat  or 
liollowed  into  a  cup  ;  and  in  or  upon  this  is  placed  a  liquid  or  a  piece  of 
paper  saturated  with  a  liquid,  with  which  the  bent  wke  i  of  the  t)ther 
inetalUc  plate  51  IB  connected) ; — App.  21.  (The  two  bent  tubes  are  filled 
with  the  two  liquids,  in  which  are  immersed  the  four  ends  of  the  two 
metalhc  arcs.) 

If  the  cup  a  (App.  2),  contains  oil  of  vitriol,  and  h  nitric  acid — the  arc 
0  p  consisting  of  platinum,  g  i  of  ziac,  tin,  lead,  iron,  copper,  brass,  or 
fiilver^ — positive  electricity  goes  from  the  oil  of  vitriol,  through  the  galvano- 
meter uiterposed  in  the  platinum  arc,  to  the  nitric  acid.  Ilence  the 
galvanic  action  of  the  oil  of  vitriol  on  the  more  oxidable  metal  overcomes 
that  of  the  nitric  acid.  The  contrary  effect  ia  generiUly  produced,  if  the 
cup  a  contains  solution  of  chloride  of  calcium  instead  of  oil  of  vitriol ;  but 
the  current  is  feeble.  (De  la  Rive.) 

The  cup  a  {App.  20)  amtaining  water  mixed  with  sulphuric  acid  and 
a  little  nitric,  the  arc  0  p  lieing  formed  of  zinc  and  g  i  of  platinum,  and  a 
piece  of  pajier  saturated  with  iodi<le  of  jHjtaMsium  being  placed  between  p 
and  i, — ^iodine  is  sejMinited  ujkui  the  platiniun ;  and  when  tumeric  pu[>er 
is  used,  it  is  turned  brown  from  the  liberation  of  alkali  on  the  ziuc  p. 
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The  name  decompositions  of  the  eecond  Hqiiid  are  oblaiucd  with  tiiic. 
phvtiTiiim,  anil  aqinrnus  solution  of  potash  nr  cdinnum  salt ;  nnd  likuwiw 
(as  Andrews  obtained  them  with  -^^pp-  J«Oi  with  anialgumated  zinc,  pUti- 
niuii,  and  water  niorely  aoidnlutod  with  Hnljjliuric  acid.  lu  the»c  owtau 
the  action  of  the  hquitJ  coiititiuing'  acid  «ir  common  salt  upf)n  the  ziM; 
overcunies  that  of  the  solutiuu  of  iodide  of  [X)tas8iunn  on  the  eaiue  metaL 
In  this  or  a  simUar  manner,  zinc  with  ])hitiiium  in  dilute  puljjliuric  aod 
deconi|Kisc8  aqueous  solution  of  iodide  of  [xttassium,  fused  protochlorwlt 
of  tin,  and  fused  ciiloride  of  silver — but  not  water  acidulated  witlt  snl- 

tdiuric  acid,  hydiocidoric  acid,  solution  of  Ghiuber's  ealtT  fused  cidoridt!  d 
ead,  (jr  fused  iodide  of  lead.  In  those  caHcs  in  which  no  decoiutiufiitJM) 
takes  place,  there,  is  likewise  no  current  produced.— Zinc  and  plattoiB 
in  aqueous  solution  of  pota-sh,  or  a  mixture  of  ammonia  an<l  snlpliate  id 
aiumouia,  decom]X)8es  aqueous  solution  of  iodide  of  {x»ta88iiuni,  Bufphntcof 
Boda,  uitnite  of  silver,  and  hyrb-ochloric  acid. — Zinc  and  |ilntiiiiitB  ia 
water  containing  both  sulphuric  and  nitric  acid,  dccoinpoHos  not  i^nly  thf 
abo%'e  named  compounds,  but  also  fused  nitre,  fused  chloride  of  lea<i,  ud 
fused  iodide  of  lead,  but  not  Ktdutioti  of  acetate  of  lead.  If  is  not  tiie 
quantity  but  (lie  intensity  of  the  cmxent  that  detennines  the  dooonijn»- 
tioii  of  these  euinptiuuilfl  :  large  platcH  of  zinc  and  platinum  in  w»tV 
containing  sul]ihurie  acid  do  not  decom|Kisc  the  laHt-uicntioned  8uU 
Btanccfl  ;  but  the  decomjmsition  takes  place  readily,  even  i\-itli  win*  U 
theee  metals,  if  the  water  contains  nitric  in  addition  to  the  eiilpliuric 
At  all  events  it  follows  from  these  experiments,  that  contact  of  met 
not  essential  U>  the  production  oi  an  electric  ciurent. — PoliBhed  load 
platinum  in  water  likewise  produces  a  current  cai>able  of  dccompoftiu£ 
iodide  of  iiotassium.  (Faraday.) 

Water  coutatiiiirg  sulj)liuiic  acid  being  placed  in  the  vcBsel  a  (App.  ^ 
aqueous  solution  of  potash  in  h,  and  the  cuds  of  the  zinc  are  o  p  and  irf 
the  copjier  or  |)Iatinum  arc  g  i  dipping  into  both  liijuids, — a  ciirreut  M  at 
the  first  instant  produced  in  favour  of  the  iM>tash  (from  o  to  py—hat  it 
ceaseB  inmiedintely.  (Faraday.) 

The  arc  o  p  (App.  21)  eoiisistiug  of  platijmni,  the  arc  g  i  of  8omo  othi* 
metal,  and  the  tubes  a,  fi,  containing  dillerent  liquids — an  electric  cOITWit, 
geniTally  a  strong  one,  is  produced  in  the  direction  a  o  /t  6,  wliea  tlie 
liquids  and  metal  are  disposed  in  the  following  order :  ^  «  iron,  a  dOnlr 
Bulphmic  acid,  l>  fuming  nitric  add; — </  i  iron,  a  hydi-ocldoric  add,  ♦ 
hy|x)nitric  acid  diluted  with  water  sufficient  to  make  it  green; — </  i  ziucv 
cadmiuuj,  lead,  or  coptxT,  a  hj'drochloric  acid,  i  it)dide  of  iKitossitmi; — 
g  i  iron,  a  dilute  hydroculoric  acid,  b  fuming  nitric  acid  or  yellow  Hulotioo 
of  sulphide  of  potaBBium:— j^  i  iron,  a  dilute  nitric  iwid,  h  couccntnUrd 
oolourlesa  nitric  acid,  fuming  nitric  lU'id,  hydrated  green  hyiHinitri<?  ftod, 
or  yellow  Bolution  of  sulphide  of  potassium  ; — g  i  iron,  xiuc,  ctulmitmi 
lead,  or  copj>er,  a  dilute  nitric  acid,  b  iodide  of  jKitasBium ; — y  i  inm,  « 
water  or  eolution  of  coninvon  salt,  b  hydrated  greeti  hyjionitric  add. — If 
the  arc  op  consists *)f  inui  instead  of  platinimi,  the  current  takes  tlteaaiBfe 
du'cctiou  with  the  following  arrangements  i  g  i  zinc  or  leatl,  a  tni  ti 
vitritti,  b  dilute  sulphuric  acid ; — g  t  coi>{X'r,  a  yellow  oulphide  of 

Bium   or  striuig  nitric  acid,  b  dilute  nitric  acid  or  iodiilc  of  poti 

The  ffalvauic  action  of  tho  liquid  oontiuucd  in  a  always  prcdomin 
(Faraday.) 

Poggi'udorff,  liy  the  use  of  App.  2,  obtained  cunents.  feeble  for 
most  l«u  t,  an»l  varying,  not  only  »ci"ording  to  tho  liipiiiU  uwd,  but  lik«      _ 
accurdiog  to  the  nature  of  thc'nnetalH.    The  acids  naed  were  very  dilate 
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-f  denotes  that  the  galvanic  action  is  strongest  in  the  vobbcI  a,  —  the 
c«iiilraiy;  +  ik'noteK  that  tlio  eurri'iit  takes  the  former  direction  at  first 
and  afterwards  the  latter ;   +  tbe  contrary. 


In  Venel. 
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The  direction  of  the  current  varies  with  tlio  degree  of  concentration. 
With  zinc  and  platinum,  hydrochloric  acid  prodnces  a  etronger  current 
than  iodide  of  potassium ;  but  with  dilute  acid  the  contrary  effect  ia 
observed.  With  /iiic  and  copper,  ililutc  hydrfxhloric  acid  also  hafl  the 
prt'pmderanco  [because  the  cop|xir  takes  up  iodine],  Sid])hnric  acid 
with  platinum  and  zinc  ia  (jvercome  by  iodide  of  potasBiTim  [Faraday 
anserls  the  contrary") ;  and  with  a  mistm-e  of  one  measure  of  oil  of  vitriol 
and  two  measures  of  water,  no  cuirent  is  produced.  (Poggendorff.) 

The  arc  o  p  coiiHiHtiug  of  itlatinuni,  the  arc  ff  i  oi  nine,  and  the  two 
vessels  a,  i,  cont4tinhig  water — then,  if  from  any  inequahty  in  the  zinc 
plates,  a  feeble  current  is  produced  proceeding  from  a  to  i,  this  current  is 
actually  strengthened  by  the  uitroduction  of  common  salt  into  It — although 
this  substance,  by  increasing  the  chemical  action  in  6,  might  l»e  cx|K?cted 
to  produce  an  opjiosite  current.  Nitric  acid  introduced  into  b  likewise 
Btrengthcns  the  current  in  many  cases,  but  sometunes  changes  its  direction. 
(PoggendorfT.) 

\Viien  the  vessels  a,  b  (App.  2)  contain  water,  and  o  p  consists  of 
|ilatit«um,  j/iof  ziiK%  no  current  is  apjiarent,  even  on  heating  one  of  the 
vessels  to  the  boiling  {vint,  although  the  chemical  action  must  be  thereby 
increased :  but  the  addition  of  a  small  quantity  of  acid  or  salt  to  the  water 
iu  one  oi  the  glasses  immediately  excites  a  current.  ( Poggendorff.) 

If  the  cup  a  (App.  2)  be  divided  into  two  jiarts  by  a  membranoufl 
diaphragm — the  left  hand  divini(iri  in  whieli  the  jJatinum  arc  o  p  m  im- 
mersed containing  nitric  acid,  while  the  right  hand  division  into  which  tho 
arc  */  i  is  made  to  dip,  and  hkewtse  tlie  cup  b,  are  filled  with  a  mixture  of 
one  uu^asnreof  oil  of  vitriol  and  three  measurce  of  water — a  feeble  current 
is  excited  in  favour  of  the  cup  a;  but  the  zinc  in  6  is  must  quickly 
diHsolved.  (PoggendorfT.) 
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t.  Onemeialiicarc  U  formed  entirely  of  une  metaly  the  other  arc  halfofotu 

and  halfoftfte  other. 

The  nrt!  n  p  {App.  2)  conBisting^  of  platinum,  the  arc  g  t  nuii  mi  coppo^ 
half  of  platbiuni, — ulao  one  of  Iho  t-ups  contuiiiiug  oil  of  vitriol,  the  Otiu, 
nitric  acid,— the  (rk'fleetio!i  aniountt*  to  oulj  5°,  when  the  c«")i)|x*r  is  iJaoi^ 
ill  the  nitric  acidj  bnt  to  40"  when  it  is  immersed  in  the  oil  of  vitriJ— 
although  the  solution  in  much  more  rapid  iu  the  ilrst  catte  than  in  \he 
second: — and  copper  with  platinum  immei>ied  in  nitric  acid  alone,  pro- 
duces a  deHection  of  iW  :  and  in  oil  of  vitriol  alone,  a  defied 
In  coiiHequonce  of  the  email  conductibility  [deaunj-kosibility]  •■  i 

%itri(il.  the  electricity  develo})od  by  the  copper  and  the  nitric  acid  brcuuitf 
neutralized  directly  on  the  metal.  (De  la  Rive.) 

Tiie  arc  o  p  {App,  2)  uml  g  coUKisting  of  copper,  i  of  zijic,— or,  OD  iht 
emitrary,  op  and  ;j  of  zinc,  and  »  of  ctipixr, — and  the  cup  a  contuabg 
ftpring^  water,  h  acidulated  water,  i)r  the  contrary, — the  ciirmit  i«  of  ll» 
name  Htrength  in  all  four  cases  :  it  diminishes  however  more  (]uickly  viht» 
the  zinc  is  immersed  in  the  acidulated  water^  than  wbcu  it  is  placed  in  tbc 
spring  water.  ( Poggendorff .) 

c,   Tteo  liquiih  and  three  Metals, 

The  vessel  a  (App.  2)  containing  nitric  acjd,  b  water,  and  the  arc  *f 
consiBting  of  pJutinutn,  fj  of  Bilver,  i  of  copper,  iron,  lead,  or  xiuc, — ihoM 
last  metalH  rtre  I;^Jt^iti^■e,  allljough  they  are  much  less  att-ocked  than  tbe 

eilver  in  the  nitric  atud.  (Miiriuuini.) 

Addendum. 

Pohts  Battery.  One  zinc  and  Boven  copjjcr  plates  are  se|)arat4}d 
one  another  by  seven  layers  of  a  moist  c<.uiductor  which  docs  not  st 
them,  but  merely  touches  their  surfaces.  {App.  22 ;  Z  =  zuic,  C  =:  coffU, 
VI  =  moint  conductor.)  The  zinc  at  one  end  is  c<^>nneoted  hy  a  melMfa 
arc  with  the  copper,  No.  7,  at  the  ofiiKisite  end;  similarly,  C  with  (7, ^^ 
with  €■,  and  C  with  C*.  An  electric  current  sensible  to  an  intiTpoiBl 
giilvanometer  goes  through  all  the  arcH,  thnnigh  the  first  and  third  iu  aa6 
direi;tion,  through  tlie  Hccond  and  fourth  in  the  opposite  direction.  ThS 
current  in  the  first  arc  is  the  strongest,  that  of  the  second  weaker,  kA 
that  of  the  fourth  weakest  of  all.  (Pohl.)  [The  zinc  in  conniHJtion  wiA 
C,  C*,  and  C  furnishes  an  example  of  the  case  of  two  metals  with  onA 
liquid  in  two  vessels,  dcscrilx-d  on  page  403.  This  pHniuces  a  cuRWt 
wliich  gm-a  from  (?  through  the  first  arc  to  the  zinc,  and  from  C  thnok 
the  sectmd  arc  to  C*.  So  far  the  result  is  easily  explained  ;  but  iho  cvMB 
of  the  current  in  the  third  and  fourth  area  is  not  yet  aiicertalliMij 
Comitare  Ilenrici.  {Pnng.  .53,  284.) 
PohTa  Contracted  Pile.  {Po<jg.  50,  497.) 

iRiTftlTJtEKTS   rOU  TEIK   PRODUCTrOKT  OP   ElECTRIG    CURRXim  BY    »l«AW>  CV 

Chuucax  Action. 

I.  Imtruments  conaiating  of  a  Simple  Galvanic  Circuit. 

WoUoMon'a  Thivihle  Ajyparatva  (Cilb.  51,  l),_the  smalleat  emqJk 
galvanic  circuit  ca^^abl^^  of  igniting  a  tiietalUc  wins  is  tlim*  oonntmcSed. 
A  copper  U»imblc  converted  by  removal  of  the  bottom  into  a  cylindor 
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nf>om'd  at  botli  eiida,  is  beaten  flat — bo  that  llie  opposite  sides  are  brcmg^ht 
'vitliin  two  tiucH  uf  Miif  Hiinther.  In  this  Hi>ace,  a  zinc  plait!  ii<jt  <|uiti'  f  of 
an  iuch  wide  m  fastened  with  seiiling  wax  in  such  a  niamicr  as  miwlicrc 
to  (Mime  ill  contact  w-ith  tlie  thimble.  To  the  upper  end  of  the  tiihulilo  is 
Foklered  a  loop  of  silver  wire.  A  platbmtii  wire  1  inch  long  and  ^'^  of  an 
hich  thick  is  soldered  to  the  upper  part  of  tliis  loop,  and  tlience,  carried  in 
a  Hianting  direction  towardH  tlie  zinc.  Aiiolher  einular  wu'e  fastened  to 
the  zinc  plate  ijrocecds  in  a  direction  0].ijn>Bite  to  the  former,  the  two  wires 
bemg  fastened  into  glasia  bulbs,  and  running  parallel  to  one  another  for  a 
certain  dintance  with  a  very  Bniatl  intei'v'al  between  thetn.  Lastly  tlieso 
two  wires  are  connected  together  hi  the  middle  by  a  very  fine  wire  of 
]>latiiiuin.  To  obtuhi  tliia  Ihic  wire,  a  jihitiuum  wire  ,^  of  an  inch 
thick  is  Kurroinided  in  a  mould  ivith  a  bar  of  silver  ^  of  an  inch  thick.  Thu 
coiup( luud  wire  thus  formed  is  draw^l  owt  to  the  thicknesH  of  j-^  of  an  inch  ;  a 
piecjf  of  it,  an  uich  iu  len}»fth,  is  l»ent  round,  and  the  bent  part  ininnTsed 
hi  nitric  acid — whicli,  hj'  dinsnlving  the  silver,  cxpoBes  a  platinum  wire  of 
Huch  exlrenie  finciiesB  that  it  can  scarcely  be  seen  by  the  naked  eye.  If 
now  the  ends  of  this  wire  still  retaining  the  silver  ho  dniwn  tightly  over 
the  two  thick  platiniini  wires,  soldered  to  them  witli  zinc  and  sal-atiimoniac, 
and  then  the  projecting  parts  cut  off,  the  two  thick  plathmni  wires  will  be 
connected  l>y  means  of  a  wire  of  extreme  tenuity.  On  innncrsuig  this 
apparatus  nearly  up  to  its  upper  rim  in  a  mixture  of  one  mca.sure  of  oil  of 
%'itriol  and  50  of  water,  the  fine  wire — whose  kngtb  must  not  exceed  from 
"ST  ^"  iH  ^'^  *^  ""^^' — becomes  incandescent  and  remains  so  fr)r  some 
Beconda.  [The  negative  electricity  set  free  from  the  zinc  as  it  disHoK-es 
combines  in  the  very  tlun  wire — through  which  it  passes  with  difficulty — 
with  f.K)sitive  electricity  evrilvcd  ffnm  iho  thhnble.J 

flare's  Dfjftitjrator  and  Colon r/iotffr.  Ijargf  continuous  surfaces  of  zinc 
on  tiie  one  liand  and  copjxr  em  the  other,  placed  near  to  one  anotlier  but 
not  in  c^ontact,  are  immersed  in  an  acid  lifjiud.  If  the  cofiper  and  zinc  be 
then  connected  by  a  thick  metallic  wire,  positive  electricity  goes  from  the 
cop}x;r  to  the  idnc,  and  nogative  electricity  from  the  zinc  to  the  co])jjer,  in 
very  large  fjuantity — so  that  connecting  wires,  even  of  some  thickness 
are  heated  and  fused,  and  a  piece  of  charcoal  placed  bi^twecn  the 
onda  is  brought  into  a  state  of  vi^id  mcandescence.  But  the  tension 
of  the  current  is  as  low  as  when  a  small  pair  of  plates  is  used. 
Hence  when  the  connection  between  tlie  co[i|H'r  and  zhic  is  formed  by 
means  of  imperfect  conductora,  such  as  liquids,  the  current  is  nearly 
Kto{)ped. 

Uf  the  Dfflngrator  thoro  are  two  fonne :  1.  A  zinc  plate,  G  inches 
broad  and  9  inches  long,  and  a  copper  plate,  6  inches  broad  and  1-4  inches 
long,  are  rolled  up  together  into  a  cylLuder  2^  inches  in  diameter,  hi  such 
a  manner  that  tiiey  never  come  into  actual  contact,  but  remain  at  the 
distance  of  a  quarter  of  an  inch  from  one  anotlier, — the  last  coil  of  the 
ssinc  Ixiing  «^>inpletely  surrounded  by  the  copper.  All  the  cojijKir  plates 
of  eighty  such  rolls  are  united  by  sofdering  with  a  single  metallic  rod,  and 
thus  connected  with  each  other  ;  a  similar  connection  is  made  between  all 
the  zinc  plat<?8.  When  these  rulis,  suspended  by  a  lever,  are  simulta- 
neously immersed  in  eighty  cylindincal  glasses  filled  with  ililute  acid,  and 
tlie  two  metallic  rods  connected  by  a  platinum  wii'e  \  inch  thick,  (ho 
wire  is  instiuitly  melted.  (>opper  and  mercury  are  burnt.  A  leaden  tube 
lieiug  soldered  to  the  extremity  of  the  wire  proceeding  from  the  copfKir, 
and  a  pointed  piece  of  charcoal  fixed  into  the  tuljo — then,  on  bringing  this 
piece  of  charc4jal  near  another  piece  similarly  fitted  to  the  zinc  aide,  or 
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near  a  platinum  wire  {  inch  thick,  connoctod  with  the  zinc,  a  moct  dHP> 

zlin^,' li^ht  is  produi'od.  (p.  317.) 

2.  Two  humlrcd  uiiti  tifty  zinc  plates,  each  3  inches  wide  and  7  inclw 
long,  are  jilaced  in  2.'i0  Hat  copper  cases,  open  at  top  ajid  lKJtt<.im.  Evwj 
50  of  these  pairs  are  hung  on  a  separate  bar  of  wood.  £ach  cojiper  cm 
is  separattKl  from  the  next  by  a  covering  of  paste-board,  ciiated  witii 
shellac  varnish.  In  this  manner,  50  copper  cases  arc  united  into  cue  denax 
mass.  Under  euoli  of  the  5  imraoveabie  bars  is  placed  a  troug-h,  tilled  wilii 
dilute  acid.  All  i>  trntighs  are  placed  on  a  coniiuon  8uj)port,  which  «.»n  I* 
let  up  and  down — so  tliat,  on  raising  the  troughs,  the  h'lpiid  C4jntaln«.xi  in 
tlu-m  lills  the  sjxiee  between  the  xiuc  and  eopjier.  The  effects  pro 
duced  by  this  ap]Ki.ratus  are  similar  to  those  of  tlie  orraug-cmeut  last  do 
scribed,  or  even  stronger. 

In  the  Caloriiiwtot',  20  copper  and  20  zinc  plates,  each  ha'xnng^  a  sor- 
faco  of  1!)  square  inches,  are  fastened  alternately  and  perpendicularly  in  » 
franu» :  all  the  eopjier  plates  are  soldered  to  one  couunoa  l»ar.  and  all  tho 
zinc  plates  to  another.  The  wliolr  is  iinmersed  in  a  troug-h  filled  witk 
acid,  and  the  copiH?r  connected  with  the  zhic  by  a  conductor.  'I'liiM  a|>- 
pni-atus  produces  similar  but  less  [K>wrrful  effects.  With  from  6(.)  to  lio 
copiier  and  an  tuany  zinc  plates,  ptatiniim  wire  may  be  fused,  &c. 

11.  Instntment.i  formed  ht)  the  union  of  sfveral  Simple  Oalvanic  CircuiU. 
Voltaic  PUm  in  the  move  extended  Sense^ — Galcnnic  Batteries. 


rhicb 
I  the     1 

•  fin>         ' 


I.  The  Simple  Circuits  consisting  of  two  Metals  and  one  or  two  Liqmiii$. 

Wlien  two  metals  m^  t,  are  connected  with  a  fluid  with  which  tbpjr 
fonn  a  simple  galvanic  circuit,  in  the  following  order:  m/t,  mft^  •»»/*» 
&c.,  the  follriwing  effects  are  j>roduci;d. 

L  In  the  outermost  m  on  the  left,  and  the  ontermost  t  on  the  rigltt, 
OXaniinati<Jit  with    the  electrometer  (not  the  galvanometer)    shows  Uic 
presenco  of  a  quantity  of  free  jviisitive  and  free  negative  electricity,  which 
mcreases  with  the  niunlx'r  of  simple  circuits  luiited  : — indeed,  the  ' 
eh^c'tricity  a]>peai'8  to  increase  in  direct  proj-iortion  to  the  niuuber  of  si 
circuits. 

2.  \VTien  one  of  tho  external  pieces  of  metal  is  connected  with 
grountl,  and  its  free  electricity  thereby  removed,  the  quantity  of   the  op 
jjosite  free  electricity  in  the  other  external  piece  of  metal  is  doubled. 

3.  When  the  two  outside  pieces  of  metal  are  coiniected  by  moans 
a  good  comluclur — e.  g.  a  wiro — and  the  open  circuit  thi'reby  converted  i 
a  clflstd  circiu'l,  the  deilectioii  of  a  magnetic  needle  in  the  neigldKfurhood 
the  wire  is  very  little,  if  at  all,  greater  than  that  wluch  would  be  |jrtjd 
by  a  simple  circuit  crmsisting  of  the  sjune  elements, — provided  that,  in 
latter  case,  the  connecting  wire  is  thick  enough  to  afford  free  potwagt} 
electricity  of  small  tension, 

4.  But  the  tension  of  tho  current  increases  with  the  numhor  of 
jile  circuits  cinmect^d  together;  and  hence,  the  current  generated  by 
c«'>mpound   circuit  can  paws,  with   little   or  no  ihminution   of  strengl 
through  long  wires  ami  im[»erieft  ei»niluet<irs,  by  which  tlie  current  of 
a  simple  ciiicuit  wutild  U'  greatly  enfeebled,  or  even  completely  arrestt'di 

6.  If,  while  the  circuit  is  closed,  the  contiguous  jiieoes  of  iiuHal  f,  «* 
bo  seiMirated,  luul  then  connecU."d  by  a  wire,  an  electric  current  wfll  iiru« 
through  every  such  wire,  of  the  sanir  (piuntity  ami  tension  us  that  wluch 
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jmsBos  tlirougli  the  metallic  arc  coimectiiig  the  two  outonnoat  pieces  gf 
inetHl. 

\_Ci'rcnit  open:  If  two  pairs  of  metallic  plates — e.  tj.  of  zinc  and  copper- 
ore  plnt-i.'(l  ill  two  cu|*  or  ccIIh  a,  b  (Aj>/>.  2',)),  tillod  with  the  samo  liiiuiil, 
ackinlali-d  watiT  fnr  inKtiiurr,  C  btj-inj^  aumLrted  witli  Z*  by  a  wirt;  g  i, 
but  Z^  not  coniit'cted  with  i?  by  the  wirv  o  ;>, — tin;  iir;,'iitivc  t'U'ctricity  set 
frt'o  by  the  oxidation  of  7?  may  iiirleed  pass  over  to  <  ■',  and  thoncc  to  the 
hydrogou  set  frue  by  Z' :— hut  8iiie<j  the  negative  electricity  set  free  in  Z' 
lias  no  other  way  of  t-seaping"  thau  by  jiawsing'  to  the  hydrog-cn  of  the 
ci'll  ff,  and  the  hydrot^cn  liberated  in  the  cell  b  can  only  reeeive  its  negative 
electricity  from  Z': — scarcely  anything  but  pure  chemical  action  taketi 
place,  and  tlie  liydrogen  is  cvoh'td  oti  the  twii  zinc  plateH.  But  just  as 
in  the  unclt>8ed  Hiniple  eircin't  (p.  342  c),  so  likewise  in  this  case,  a  feeble 
elect I'o-cheniieat  action  takes  jilace  :  for,  in  consequence  of  t!ie  ilifficulty 
•whicli  tiie  negJitivx"  electricity  (iiids  in  parsing  from  the  zinc  to  tlic  hydro- 
gen, a  finiall  quantity  of  negative  eleetridty — which  may  be  oilled  oiio 
iie^altve  portion — remains  in  7}  and  Z'.  Tho  snial!  quantity  of  hydroj^on 
which  d(K!s  not  receive  fimu  the  zinc  the  qnantity  of  negative  electricity 
belnupiig  to  it,  either  takes  it  from  the  caloric  of  the  liquid  and  liberalea 
jKiBitive  e!c(;trk-ity,  which  |>asHeB  over  to  C'  and  C*, — or  it  is  conveyed  by 
tranHposition  from  Z'  to  C,  iuid  from  Z*  to  (■%  takin|:f  «ip  negative  elec- 
tricity in  both  these  platen,  and  liberating-  positive  electricity  (one  ixwitivc 
piniinn  (a)  in  each  phitc).  The  positive  portion  in  C  immediately  nnites 
with  the  nopative  fHirtion  in  Z*  to  form  caloric  (ji);  and  suice  to  the 
nefjfative  jKH'tion  in  Z',  there  is  no  longer  o]>]insed  any  jxisitivf  portion  in 
C\  nor  any  negative  jxirtiori  in  Z*  to  the  positive  iK)rtion  in  C\  and  consc- 
quently  tlie  electrical  din'erencc  is  reduced  one  half, — it  f<dkiWB  that 
2  negutive  irfirtioiiH  c4in  accumulate  in  Z',  and  2  jKisitivc  portions  in  C,  till 
the  tendeiiey  of  the  two  ehftricities  to  eiuiihine  prevents  their  further 
accumulation.  Upon  this,  a  second  positive  jjortion  jtasses  into  C*  and  a 
Beonid  nc^^ative  i^M'tiou  to  7?  (7);  hut  these  fHirtions  again  neutraliKe  one 
aoother  (^).  Whereas,  therefore,  in  tlu^  sinipli'  galvanic  circuit,  the  zinc 
oontains  one  neg'ative  portion  and  the  copi)er  one  (Htsilive  portion  of 
free  electricity, — in  the  tw*o  pair  circuit,  on  the  otlier  liand,  Z^  c<tn- 
tains  '2  negative  portions  and  C  2  pisitive  jwirtions,  while  V^  and  Z*  are 
iH'iitnil.  This  aeeumulatioti  of  a  double  quantity  of  negative  nlcctricity 
in  Z'  and  of  poBitivc  electricity  in  C,  produces  a  twofold  electrical  tensiou. 


Z' 


2  - 
2  - 


+ 
0 

+ 
0 


0 
0 


0« 

+ 

■f 

2   + 

2    h 


When  three  eimplc  ctrcuitB  are  united  (Af}p.  24),  one  positive  portion 
fronj  C  is  neutralized  fiy  one  negative  [Mirtion  fnua  Z',  and  similarly,  (me 
jHisitive  [Mtrtion  from  L^  by  one  negative  portion  frt>m  Z'  (u,  (i) :  and  since 
tliese  4  plates  are  thereliy  rendered  neutral,  a  second  negative  jxirtion 
can  acctunulatc  in  Z'  juid  a  secoml  [>ositive  p.irtiou  in  C — whereujxm  the 
portions  develojH-'d  in  the  4  middle  plates  again  neutralize  one  another, 
{y,  £).  But  thU'dly,  2  negative  portions  accumulate  in  Z\  half  of  wliicli  is 
comnniiiieated  to  C*,  and  2  positive  portions  in  C*,  half  of  which  is 
oomnrunicated  to  7?  {t,  f).  Since  now  Z',  which  alreaily  contains  2 
negative  jwrtioiis,  is  opjwBcd  to  0',  with  one  negative  portion,  a  tbiixi 
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noffativc  portion  cjin  aocuinulate  in  Z',  until  the  maxiniuro  is  attaincJ : 
—and  in  IIk'  samv  \unmwr,  JJ  p>8itive  portions  accumulate  b  C 
whicli  is  np^xiseJ  to  Z*,  contaiuing  one  positive  portion  (9)^  Last)', 
llu^  pnrtioiis  in  (J'  and  Z*,  and  those  iu  C  and  Z",  diatributc  thenwelt?* 

uniformly  (S). 
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According^  to  this,  the  iK)rtiouB  oF  electricity  are  distributed  Ma  foQowi 
in  an  uucluBtd  circuit : — Simple  Circuit :  —  Z — ,  C  + .  Two-pair  Cvcnt: 
Z'  2  -  ,  C  0,  Z»  0,  C  2  -h-  Thrce-piiir  Circuit :  Z'  3-,  C»  _,  Z»  — .  C«  +, 
5i»  4- ,  C*  3  + .  Four-puir  Circuit :  Z>  4  - ,  C  2 - ,  Z»  2  -,  C*  0,  Z»  0,  C? 2-f, 
Z*  2  +  ,C*  4  +  .  Fivt-pair  Circuit:  Z»  5-,C'  3-,  Z'  3— ,C«— ,  Z»— ,(?+, 
Z*+,  C*  3+,  Z*3  +  ,  C*5  +,  and  so  on.  Ilcnce  the  quantities  of  dn> 
tricity  accumulated  in  the  tcnniual  plates,  —  and,  therefore,  also  ifat 
electrical  tensions  of  tlic  poles,  —  increase  in  direct  proportion  to  U16 
niunber  of  plates. 

^V''lleu  one  of  the  terminal  plates  is  connected  with  the  ground, 
C*  of  the  doulile  circuit  (App.  2;5),  and  the  two  portions  of  p4-)tutive 
tricily  tliercby  conducted  away,  a  fresh  accmimlation  of  electricity 
jiIiK'C  hi  the  opjioBJte  terminal  plate  to  the  same  amount  as  before, 
in  all  4  negative  portions.  For  since  0*  is  neutral,  2  ne^tive 
oiu  accumulate  in  Z*,  till  the  maximum  of  tension  is  attained,  and 
larly  in  C,  which  ia  connected  with  it  j  so  that  Z'  opposite  to  C  can 
retain  4  negative  portions.  In  the  Bame  manner,  4  positive  |iort 
accumidate  in  C*  when  the  electricity  of  Z'  is  conducted  away.  OeM^ 
rally ;  whatever  may  be  the  uimiber  of  pairs  in  the  battery,  the  cicctrk:*] 
tennion  i»f  either  pole  is  doubled  when  the  electricity  accumulat4.H]  iii  tbe 
itther  p<jle  is  conducted  away.] 

[fVrcMiV  chsed :  As  soon  as  Z'  is  connected  with  C*  {App.  2,S)  by* 
niotallic  arc  0  />,  electro-chemical  action  is  enabled  to  proceed  on  Ra 
extended  scale.  The  negative  electricity  developed  by  the  oxidation  of  ff 
goes  through  o  p  t-o  C,  and  tlience  to  the  Ijydrogen,  liberated  by  7}  from 
the  water  hi  cell  b.  Tho  negative  electricity  evolved  at  the  same  til — 
from  Z*  passes  through  C  to  the  hydrogen  which  is  transrerred  from 
to  C*.  Hereupon,  negative  electricity  ^es  from  0X0  p  and  from  1  to 
or,  what  comes  to  the  same  thing,  positive  electricity  goes  from  p  to  o 
from  g  to  1. 

The  quantities  of  electricity  flowing  through  o  p  and  g  i  are  equal : 
the  galvanomct<?r  shows  the  same  denection,  whether  it  is  interpfterd 
between  o  p  or  g  r.  This  is  in  accordance  with  the  fact,  that  the  qiuintity 
of  hydrogen  gas  evolved  on  C  is  the  same  as  that  on  C".  Snpfxjse,  for 
example,  that  the  electro-chemical  action  were  stronger  on  Z'  than  on  ff : 
the  quantity  of  negative  electricity  transmitted  from  Z*  t^i  C*  would  then 
bo  more  than  suflicient  to  saturate  the  hydrogen  gas  there  evolvtMl,  while 
Z*  would  give  to  C*  a  quantity  of  negative  electricity  les**  than  that 
reanired  by  the  hydrogen  evolved  on  (J'.     Hcnct»  the  .V  iiemkal 

•otioos  in  the  two  cells  control  one  another  m  such  u  m:i: .:  equal 
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■qnuntities  of  ek-ctricity  pass  througti  the  two  metallic  arcs,  and  L>qual 
vohmies  <if  hydroyoii  gsm  are  evolved  on  tlic  two  copjjer  plates.  If  thi> 
chfniical  action  in  ntw  c^ll  tecoiues  stronger  than  lliat  in  the  uther,  tho 
exwhH  takes  the  pnrely  chemicaf  forin,  aad  the  Buperabuiidant  hydrogen 
18  all  evolved  Minni  the  zinc. 

Tlie  cuiTcnt  which  passes  from  a  to  ^  in  a  two-pair  circuit  is  not 
greater  in  qtiaiitity  than  that  whicli  traverses  the  ctmnectinjCf  wire  of  a 
Kimple  circuit ;  provided  that  the  quantity  of  zinc  diasolved  off  the  Kinc 
plate  of  the  latter  in  a  given  time  is  etpial  to  that  dissolved  from  each  zinc 
plate  of  the  two-pair  circuit,  and  that  no  purely  cliemical  action  takes 
place  in  cither  case  (as  when  amalgamated  zinc  is  used) ; — or  else  that  in 
both  cnaes  the  quantity  of  pure  cheniical  action  beare  the  same  proportion 
to  that  of  the  electro-cheraicnl  action.  For  the  negative  electricity  whicli 
in  tile  two-pair  battery  rnns  through  o  p,  proceeds,  not  from  bijth  zinc 
platen,  but  oidy  from  Z* ;  uud  if  no  more  uf  tliis  plate  be  oxidized  in  a 
given  time  than  of  the  zinc  plate  of  a  single  pair,  the  quantity  of  negative 
electricity  develojx'd  in  the  fonnor  casi'  will  likewise  not  be  greater  than 
that  developed  in  the  latti.r.  The  negative  electricity  evolved  from  Z* 
merely  passes  through  the  arc  .<?  i  and  is  absorbed  at  C  by  the  hydrogen. 
Similarly,  with  batteries  consisting  of  several  pairs; — so  many  pairs,  bo 
many  Ke{>arate  currents. 

If  the  cucuit  be  o{)ened  at  ff  i  while  it  remains  closed  at  o  p,  C  and  Z' 
become  the  poles.  If,  thei-eforcj  in  a  battery  consisting  of  several  paim, 
and  iiaving  itn  ends  metallically  connected,  any  zinc  plate  be  sejMirated 
frotii  the  copper  plate  with  which  it  is  associated,  those  two  plates  become 
the  poles. 

Tlie  quantity  of  electricity  in  the  current  may  however  be  increased 
by  augmenting  the  number  of  pairs,  if  the  electro-chemical  action  in  tho 
individual  pairw  is  aceouipanJed  by  pure  chemical  action.  For,  the  greater 
tension  or  vekjcity  of  the  current  produced  by  several  pairs  causes  the 
pure  chemical  action  to  diminish  and  the  electro-chemical  action  to 
iiu-rease.  Hut  this  increase  of  quantity  can  only  rise  to  the  tnuximnm  at 
which  the  action  becomes  wholly  electro-cheuiica^l— and  c-onsequeidly,  all 
the  negative  electricity  of  the  zinc  passes  to  the  hydrogen  through  tho 
Other  tiictal. 

It  apix-ars  then  that  the  union  of  several  pairs  in  a  battery  increases 
the  tensiim  of  the  electric  current  in  direct  proportion  to  the  niuidier  of 
ptiin^, — and  likewise  augments  tho  (quantity  to  u  certain  extent  in  those 
cases  in  which  a  considerable  quantity  of  the  negative  electricity  of  the 
zinc  ui  the  simple  circuit  is  withdrawn  from  the  current  by  pure  chemical 
action. 

We  may  conclude  then  that  the  Qtmntity  of  the  electric  current  of  a 
galvanic  batterj'  depends :  1.  On  the  Htrength  of  the  electro-chemical 
action  in  tlie  indi'vidual  simple  circuits  of  which  the  battery  is  composed^ 
priricitKally  therefore  on  the  circumstances  considered  (pp.  376... .381.) 
2.  Orv  tlie  nnmber  of  pairs — l>ecau8e  as  that  number  is  increased,  pure 
chemical  motion  is  more  and  more  prevented. 

The  Teiisinn  depends  :  1.  On  the  tension  of  a  simple  circuit;  and 
2.  On  the  innnter  of  simple  circuits  conjoined. 

According  to  tho  view  just  Itud  down,  a  galvanic  battery  of  zinc  and 
copper  with  tluid,  should  be  constructed  in  the  following  order;  Z/C, 
Z/C,  Z/C,  &c. ;  and  accordingly,  the  zinc  ftole  is  negative  and  the  copper 
positive,  as  in  the  simple  circuit.  But  according  to  the  contact  theory, 
which  regards  the  contact  of  the  two  metals  as  the  principal  source  of  the 
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electricity,  the  battery  should  bo  arranged  as  follows,  C  Zf^  0  7./.  CZf, 

&c.     In  this  ammpiTiifnt,  the  coj>|)er  pole  on  the  left  is  ji'  ''' 

zinc  iX)lc  oil  the  righl  iMisitive.     Henec,  llu'  fXjiroasions,  €<•/■  i\ 

of  negative  pole — and  cine  pule  iiisteud  of  jMisitivc  polc^  are  vif  fit.-«jui  lil 
i>ccurrcncc.  H(it  acL-oidin^  to  the  eheniicul  theory,  the  outennost  ctmtt 
on  the  left  and  the  outennost  zinc  on  the  riglit  are  altopTcther  witliMul 
influence  on  the  force  of  the  battery  :  and  if  these  two  external  mexubere 
are  removed,  the  first  mentioned  aiTangtimout  retaaiua  behind.] 

Ohni's  FormulcPy  relating  to  the  Quantity  of  tlit  Electric  Currettt. 


1.  For  a  conductor  into  whose  extremities  thf  tttfo  electricities  fio%o  irAA  a  jw 

tenaion ; 

Let  A  be  the  electrical  tension  ;  K  the  conducting'  power  of  the  wiw 
or  other  eonduet(>r;  w  the  eurfaoe  of  its  trauaverse  sectiuii ;  L  its  length: 
Q  the  quantity  of  the  current,  then 

llenco  the  quantity  of  the  entering  electric! ties  which  ji:.^  ii-ii 

the  wire  in  a  f^-iven  time,  varies  directly  as  the  tension  of  the  <  !  «, 

the  eonductirijj^  [tower  uml  thickness  of  the  conductor, — and  inversely  as  it» 
length.  Hence  alao,  the  quantity  of  tlie  current  in  two  omductons  is  the 
same,  when,  with  equal  electrical  tension  and  conducting'  power,  the 
ratio  of  the  transverse  section  to  the  length  is  tlic  same  in  both  ;  or.  wilh 
equal  tension  and  e(|iial  transverse  section,  the  r.atio  of  the  conduc 
fWAVer  to  the  leiif^th  is  tlie  ainie  ;  or,  with  equal  conducting  power 
equal  trajisvcrec  section,  the  ratio  of  the  tenaion  to  the  length  is  tbt 
Baiue. 

2.'  For  a  simple  Gtdvanic  circuit. 

Let  A  be  the  elcHitromotive  power  of  the  circuit  (or  the  tcnsinaTW 
R  tlie  resistanw  wliieh  the  current  meets  with  in  the  circuit  itself.  Tli« 
is  the  resultant  of  the  followuig  individual  resistances  : — a.  Resintanoo  of 
the  two  metallic  plates  which  the  current  has  to  traverse; — 6.  Resisti 
of  the  liquid  through  which,  aa:ording  to  the  ordinary  view,  the  r.ur.— 
passes  [according  to  p.  343,  /,  this  is  the  resistance  whit^h  the  liqwi 
opposes  to  the  tranajiosition  of  atoms].  To  this(Fi"elmer  and  P(  jg^fadorfT 
addf):  the  resistance  of  tninsit.ioti,-t.  r.  tlie  resistance  which  e'xists  to 
the  passage  of  the  ele<;tric  current  from  the  metal  to  the  liquid,  and  con* 
verwi'ly. 

Also,  let  r  be  the  resistance  of  the  conductor  which  unitcB  the  two 
metals,  and  Q  the  quantity  of  the  electric  current  which  enters  it  j  then 

Q  =  |{^^ ;    therefore  A  =  Q  (U  +  r) 

3.  For  the  Galvanic  Buttay. 
n  denoting  the  number  of  united  simple  circuits, 


When  the  re«j>«tance  r  uf 


hK  +  r 
the  conductor  wliieli 


lo»c8  the  circuit 
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inconsideraltle  iii  cnmpariKon  with  the  resistanw  H  in  the  individual  cir- 
cuits, it  iR'arly  vaiiislitH  in  the  fonnula,  and  there  remaius 

u-  "•'^    -   A 

that  ia  to  say:  the  qnantity  of  the  cuiTcnt  is  the  same,  whether  it  pro- 
ceeds frniu  one  \>my  or  fn>ni  several. 

Rut  if  the  ret^isturice  nf  the  eiirifhictnr  whieh  el'ises  the  circuit  is  cou- 
Bidernhle — e.f/.,  from  tbe  inti-rpositiua  nf  water,  &,c. — then,  Q  increases 

considerably  with  the  number  of  pairs — because  then  y.  gives  a  much 

smaller  quotient  than  — = 

^  n  R  -f.  r 

The  development  nf  tliis  subject  may  Ite  found  in  Obm'a  Memoirs 
already  cited  on  page  307  ;  hkewise  iti  Ofini\<*  Galvnnm-he  Keiie,  lierlin, 
1H27 ;  Ferhnor,  Matignhestimrmnitjeii  der  gnloauLsihen  Kette,  Leipzig,  1831; 
Pouillet  (Pogg.  42,  281);  Henrici  {Pugg.  53,  277). 

QuwiHti/  of  the  Elcctrk  Current  of  a  Gaivantc  Battery. 

With  amalgamated  zinc  and  jtlutinnm  in  dilute  Buljiliuric  acid,  the 
quantity  of  the  cniTent  \»  not  increased  by  auginentinp;^  the  iiunilH?r  of 
pairs.  One  pair,  l»y  the  oxidation  of  one  atom  of  zinc — provided  tlie 
connecting  wire  be  tliick  enough  to  transmit  tlie  feeble  current  witimut 
diminution — supplies  as  much  electricity  in  the  form  nf  a  current,  as  KHH) 
pairs  wonld  supply  by  the  oxidation  of  1000  atoms  of  zinc.  In  all  tlio 
cells,  equal  qnantitieH  of  water  are  decotnpiscil  and  e<[uivalent  qHantitiea 
of  zinc  dissolved,  viz.  32%')  partH  (1  At.)  of  zinc,  to  1  part  (1  At.)  of 
hydroyi.-n  givs  evolved.     (Faraday.) 

A  number  of  pairs  does  not  produce  a  stronger  deflection  of  the  gal- 
variunieter  than  a  single  pair;  one  paii'  acts  more,  another  less  strongly. 
The  sum  of  the  effects  [quantities]  of  the  single  \m\vH  divided  !»y  the 
number  of  pairs  gives  the  effect  [quantity]  of  the  pile:  hence,  a  larger 
pair  sidded  to  a  nundjer  of  smaller  pairs  iucroaaes  tbe  action, — a  emaJler 
pair  dimiuislies  it.     (Mariauini.) 

Even  though  the  several  pairs,  from  differences  in  extent  of  surface  or 
in  the  nature  of  the  liquirl,  should  individually  produce  different  quantities 
of  electricity, — still,  all  the  currents  which  pass  from  the  electro-negative 
to  the  electro- positive  metals  of  the  several  |iaii*8,  after  the  uiiii>ti  of  these 
pairs,  are  mathematically  equal.  The  quantity  of  electricity  in  thecurreiit 
of  a  battery  is  greater  than  that  of  the  weakest  pair  taken  singly, — 
because,  when  this  pair  is  joiniid  to  the  luitteiy,  no  more  pure  chemical 
action  takes  phu-e  in  it.  A  very  fetd>li!  jiair  is  to  be  reganled  only  as  an 
biterposed  [ihite  ((■(>/.  seq.)  which  weakens  the  current;  ami  the  quantity 
of  the  current  remains  the  same,  even  when  the  weak  paii-  is  introduced 
in  the  reverse  order,     (De  Va  Rive.) 

The  quantity  of  the  current  of  a  pile  charged  with  dilute  sulphuric  acid 
is  very  much  fUminish<'d,  when  this  pile  is  united  in  the  proper  order  with 
aijotlier  cnntuiiiing  ordy  wiiter.     (Schonltf-in.) 

If  10  fiairs  of  amalgamated  zinc  jilates  and  platinum  plates  are  sepa- 
rately immersed  in  dibite  sulphuric  acid,  different  quantities  of  hydrogen 
gas  are  evolved  in  a  given  time  cui  the  siu-fjuX'S  or  tlie  several  platinum 
plates,  the  variation  amounting  to  about  ^  of  the  wliole.  But  when  all 
the  10  iMiirs  are  united  uito  a  battery,   the  quantity  of  gas  evolved  on 


416 


ELECTRICITY. 


each  platinnm  plate  is  the  Bame,  and  equal  to  tliat  wliich  was  Man 
Involved  <m  the  [ilatinum  plate  of  the  weakest  \n\r.  If  the  riiig«  of  all  thf 
zinc  and  pilalimirti  j>lateH  aio  immersed  in  a  veasc-1  filled  with  inercurr.  tl* 
devL'Iupmeiit  of  gas  on  the  platitnim  plates  again  liecomes  as  uueqna]  u 
in  tin;  first  ease.  If  every  two  zinc  plates  Ix,*  connected  -writh  every  twu 
platinnm  plates,  and  the  5  donhle  pairs  united  into  a  batterj',  the  c^^olu- 
tion  iif  ^fUH  ia  the  same  in  all  the  cells.  When  8  pairs  an^  left  &iiii{ilt^ 
and  connected  with  one  d*nd.)le  pair  to  form  a  hattcry,  the  quantity  of  jn 
evolved  on  the  two  platinnm  plates  of  the  donhle  ]iair  taken  together,  i» 
not  greater  than  that  evolved  on  each  platinvmi  plate  of  the  single  tain. 
When  cat^h  of  tlie  10  seine  jiiateB  is  placed  hetween  two  platiuum  pUu^, 
the  evolution  of  gas  on  each  donhle  jdate  is  increased  nearly  two-fold ; 
and  part  of  the  gas  likewise  eBcajK's  on  that  nurfa<:e  of  the  platinum  which 
is  tiu"ned  away  from  the  zdnc.  When  unamalganiated  zinc  is  used,  a  prrax 
deal  of  hydrogen  gas  is  evolved  upon  its  surfae^ ;  hut  the  quantity  evolrrd 
on  tlie  platinum  is  the  same  as  wben  the  zinc  is  amalgamated  :  neoce  tl* 
local  [pure  chemical]  action  does  not  iuterfere  witJ^  the  force  of  the 
cun'ent.    (Daniell.) 

If  several  pairs  of  amalgamated  zinc  and  platinum  in  dilute  salpbtihc 
acid  are  united  into  a  hattery,  and  the  polar  wires  dipped  into  dilute  sul- 
phuric acid,  the  quantity  of  hydrogen  gas  evolved  in  each  excitiuif  c*ll  fi 
the  hattery  is  exactly  the  same  as  that  set  frtic  in  the  dec4ini|^»«»Kn»g  ccU. 
When  the  eircuit  In  iniiwM-fectly  closed  hy  the  interposition  of  a  long  Xim 
wire  or  a  liquid  conductor,  the  quantity  of  gas  evolved  in  all  the  cell*  is 
dimiiiisheii,  hut  is  the  same  in  ull;  the  greater  the  number  of  |tair8,  tbei 
le«R  does  this  diminution  in  the  quantity  of  hydrogen  gas  amount  tu. 
(Mattenoci.) 

Twenty  pairs  of  zinc  and  copper  give  the  same  deflection  of  20*  a 
pair,  when  tlie  circuit  is  closed  hy  a  wire  of  sunicient   thickness. 
when  the  current  is  conducted  from  the  ]iolefl  tlirough  a  stratum  of 
the  detleeti<Hi  with  one  pair  amounts  to  10°,   with  5  ftairs  to  15*5' 
with  20  itau-a  to  19°.     <lhiff.) 

One  pair  of  plates  gives  the  same  defleetion,  whether  the  metals, 

separated  hy  one  or  five  pieces  of  cloth  naturated  with  liquid  ;  but 

several  pairs  are  imited,  the  detlcction  diminishes  aa  the  tiueknesa  of  ihi 
cloth  is  increased.  The  diminution  is  less  lictwever  in  projxirtion  as  tha 
liquid  conducts  lx"tter  [/.  c,  exert.s  cht^niica!  action.]     Marianini. 

The  following  exfierimeriitH  hy  Biuks  were  made  with  amal^nnuited 
zinc  plates  and  platinum  plates  of  equal  size  in  dilute  sulphuric  acia. 

The  quantity  of  zinc  dissolved  in  a  given  time  diminishes  as  tha 
number  of  plates  is  inci-eased,  in  the  f<jllowiiig  proportion — tho  finrt 
nundwr  denoting  tlio  number  of  jmirs  of  plates,  the  second  tin*  Iosm  *J 
zinc :  1  :  6'7,— 2  :  3-9 ;— 4  :  3-8,— 8  :  3-8,— 16  :  8'4,— 82  :  3-6, — 10  : 3-8,— 
48  :  2-7. 

A  similar  diminution  takes  place  in  the  quantity  of  hydrogoa  fW 
evolved,  when  two  |Kiirs  of  tmequal  surface  are  united:  n  dfi -r  -  thfl 
HurfiM'O  of  eiich  of  the  pairs  of  tho  pliites,  b  the  quanlily  of  hy  I  .14 

which  each  would  have  developed  hy  itself,  c  the  quantity  ovuive<u  alter 
their  union : 
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It  is  remarkalile  that  wlien  tho  Rurfacos  of  the  two  |mirs  of  plates  are 
very  unequal,  the  quantity  rif  hytirofren  evolved  on  the  copjXT  of  the 
larfrer  jiair  m  greater  than  that  evolved  on  the  copper  of  tho  smalicr. 
(Biiiks.) 

The  electric  current  of  a  batterj'  ceascfl  when  tlio  wliole  is  cooled  to 
—  18"^  [in  eoriBoqiience  of  the  freezing  of  the  liquid  ?]  ;  it  increases  witli 
the  tetrq>erature,  but  ceases  af^in  at  lW,and  reeoitimcncea  with  violence 
on  sutwfqiient  cooling'.  It  is  however  considerably  increased  by  heating 
only  half  of  the  battery  to  IdO"  (Dossaiflfnes,  Ann.  C/iim.  F/u/s' 21,  203), 
— [this  deserves  verification]. — A  battery  which  at  15''  gives  a  current, 
capable,  when  conducted  tliroug-h  a  watery  liquid,  of  diaenj^aging^  22^ 
measures  of  hydrrjjnrcn  gas  in  a  given  time,  yields  'it*  mcaHurcs  in  the  same 
time,  when  heated  to  52".  (Despretz,  Gilfi.  72,  3111.) 

When  the  current  of  a  trf>ugh  battery  has  diminiflhed,  it  may  be 
increased  almost  d(nible  by  stirring  the  acid  liquid  between  the  zinc  and 
copper  plates  with  a  feather.  (Faraday.) 


Electrical   Tension   of  the   Battery. 

The  tension  of  the  unclosed  circuity  as  determined  by  the  etectroinet^ir, 
increases  directly  as  the  nunil)er  of  pairs.  (Vnlta,  liohiion burger  {Gi/h. 
f>l,  346),  Singer,  Marianini.)  It  increases  as  the  square  of  the  nnraljer 
of  pai!>i.  (Delezenru's,  J.  P/ii/s.  82,  269.)  In  the  uiiclrised  circuit,  it 
iiicreases  as  the  square  of  the  inunlmr  of  pairs,  and  in  the  closed  circuit 
dirt^ctly  as  the  number ;  for  the  Btatical  effects  of  a  given  quantity  of 
electricity,  as  shown  in  the  o|^>en  circuit  by  the  electrometer,  are  to  the 
dynamical  effects  which  the  gatvaiioin<-ter  exhibits  in  the  closed  circuit, 
in  tlm  ratio  of  the  square  to  the  simple  number.  (I'eltier.) 

The  tension,  as  slini^'n  by  the  electronii-tcr  in  the  unclosedcircuitisnot 
affected  by  the  size  of  the  plates,  but  only  by  their  numlier.  When  one 
pile  is  connected  with  the  ground,  the  niaxitnum  of  tension  is  the  same, 
whether  the  battery  be  charged  with  river  water,  solution  of  sulphate  of 
soda,  or  water  iiciduhitcd  with  nitric  acid ;  but  in  the  last  case,  the  maxi- 
mum tension  ia  uistantly  attained,  more  slowly  in  the  sec<.md,  and  most 
elowly  of  all  in  tlu?.  first.  When  the  battery  is  insulated,  the  teusitni  is 
altogether  weaker, — strongest  however  when  the  charge  i.s  made  with 
river-water,  weakest  when  water  acidulated  with  nitric  acid  is  used:  in 
the  latter  case,  it  often  vanishes  altogether.  (Dc  la  Rive.)  In  t lie  unci oBt>d 
circuit,  the  nitric  a<.'id  exerts  an  oxidizing  action,  not  only  nn  the  zim,v  hut 
likewise  on  the  copjH>r,  thereby  giving  rise  to  an  opposite  ctirrent ;  but 
when  the  cin:uit  is  cloaeiL,  the  oxidation  of  the  coppi-r  ceases.  (Huff.) 

The  middle  {>air  of  an  unclosed  circuit  of  twenty  pairs  of  zinc  and 
copper  does  not  act  more  strongly  on  an  electrometer  fiu^nished  with  a 
condenser,  than  one  single  pair  would.  Tiie  greater  the  number  of  pairs 
inclmletl  in  the  circuit  by  touching  <:»ne  of  them  with  the  conilenser  and 
the  other  with  the  finger,  the  strongper  is  the  divergence  of  the  gold  leaves. 
Likewise,  when  the  circuit  ia  closed,  but  in  such  a  manner  that  the  current 
is  obliged  to  pass  through  water — not  decompositig  it  perceptibly — a 
certam  degree  of  tension  is  tnanifest,  increasing  towards  the  ptdes.  Even 
when  dilulf!  Kulfihuric  acid  is  used  instead  of  water,  tension  is  still  appa- 
rent, alflidugli  tlie  liquid  ie  decomposed  ;  but  not  when  tho  circuit  is  com- 
jiletely  closed  by  a  mi-talUc  conductor.  Whenever,  therefore,  an  obstacle, 
such  as  water,  is  to  be  overcome,  electricity  accumulateB  in  the  poles  till 
it  acquu-es  sufficient  tension  to  overcsome  the  resistance.  (B)iff.) 
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If  tho  union  of  tlio  electricities  collected  in  the  poles  has  heen 
by  conaf'ctiiTg  tlie  jutloR  by  a  ^K»rfoct  conductor,  and  the  c*>rincct»nnT 
aft<.'rwiiid«  hrukeii,  ila;  twd  ek!ctrn:iti<"S  a^aiii  accumulate  in  tho  |hi|i-<k^ 
their  fuiiner  tcnsi-jti.  lu  j>ileH  with  nmistsfitii-coiiductors,  th 
place  almost  iustantaucouHly ;  in  those  with  dry  semi-con<l 
very  Blowly.  So  long  as  tho  poles  remain  connected  by  a  goi.xi  ci>iniuct"T 
the  {Kjsitive  and  negative  elt-ctricit'es  rapidly  gtinerated  iu  tho  batli-n 
continually  lecomhint'  within  tlir  ct>uductr>r.  Tlie  quantity  of  electnnl} 
tliiiK  iioutralized  in  a  given  time  deixTida  on  the  circunititauci.^  ulwu' 
nolifL'd. 

The  difference  betwwn  the  effects  of  the  voltaic  pile  and  those  of  tW 
electrical  machine  consists  in  the  two  fnllowLnj^  |M>int«:  1,  Kymoflitfof 
the  latu^r,  a  lai-^a-  ijnantity  of  electricity  may  easily  bo  occunmlatn]  mi 
body  of  small  dimensions  ;  in  erniKeijuenee  of  which,  tho  electricity  ac«|oii« 
a  high  t(>nKii)n  or  a  strong  tendency  to  combine  with  oleelricity  of  tbr 
opjKwite  kin<],  and  niulkt'H  its  way  thmnyh  non-cuiiductors,  such  a»  tbetii, 
in  the  form  of  a  spark.  On  the  other  hand,  the  tension  of  the  ckvtritti 
devoloiM-<l  by  the  contact  of  two  metals  is  so  extremely  small,  that,  otvuri- 
ing  to  Children,  it  reipn'res  no  fewer  than  1250  zinc  and  cojtiyer  pJAlrtN 
give  Buch  a  teusion  to  the  electricity  accmniilated  at  the  |MdcH,  us  «il 
enalde  it  to  pasH  in  thr  furni  of  u  sjwirk  between  two  platinum  wire*  t<^ 
minatin;];  in  jxiints,  }tlaoed  at  ati  inten-al  not  exceeding-  -^  inch,  and  cm- 
necttd  with  the  \nAes  of  the  battery. — (2.)  But  a  small  voltnie  k<itt«l7 
gerieraU'H  in  a  fi^iven  timo  a  much  greater  ipiantity  «if  eleciriojly  tluui  i 
large  electrical  machine, — providtnl  the  ek-etricities  are  conducted*  away  a* 
fast  B8  tbey  are  pern-rated.  Tiie  i-ketriral  maeliine,  tliereft»re,  '»  W** 
adapted  tn  the  pr'Klnction  of  thoBi;  effects  which  do|)e>id  on  groat  electnod 
tcngioti,  Kueh  as  the  jM'netratio])  of  air,  glass,  and  oilier  iusnlators;  thl 
voltaic  battery,  esix^cially  when  largp  (ilatrn  are  used,  in  niOBt  ofiKxdoM 
in  prndiieing  those  effects  wliii-h  dc|>eiKl  vu  the  combiiiati(»n  of  Iar]^>  qott* 
tities  of  electricity  in  a  given  tinn% — e.  ().,  an  elevated  temfK-i-ature  in  tlw 
conductors  in  which  the  combination  takes  place,  and  the  decotii|HMiti()au( 
chemical  conv|itnnul8. 

Sinco  an  inen'ased  nnml)or  of  plates  augments,  not  the  quantity,  I* 
only  the  intensity  of  the  current,  it  fnllowR  that  the  nunilier  of  pdn 
united  in  the  battery  onglit  to  he  ililTerent,  actxtrdiug  tit  the  oondodOf 
power  of  the  body  thnnigh  which  the  curretit  has  to  \)»hh.  A  graMY 
nutuher  of  ytaiir^  than  that  rt.'<[uired  for  eom))letely  ovcrconiiug-  lUc  raikt- 
ancc,  is  of  no  avail — and  may  even  diminish  the  i|uanlity  of  the  rumeab 
if  any  among  them  act  less  })Owerfii!ly  than  the  rent.  Hence  a  singW 
mir  irt  proper  when  the  cmTent  has  to  pass  through  a  thick  wire  ouly  (•» 
lor  magnetic  actii^n  or  for  fusing),  a  stnall  niiniber  of  |)airs  when  it  has  l»> 
traverse  a  long  tbiii  wire,  a  larger  nmnber  when  wjitery  liipiidu  arr  (liMed 
in  the  rircuit,  and  a  stiU  larger  numln-r  when  the  liquids  itro  divided  iatB 
sejKiriite  ptrtionH  by  inter|Kwed  [itates.  (l>e  1;*  Hive.) 

'V\\v  greater  the  numlx-r  of  paii-n,  the  8iH»ner  d<«'S  tl»e  action  dioUludb; 
fto  that  a  batU^ry  nf  a  Hmall  numl>er  of  (KiirK  iy  stronger  after  a  time  tbak 
one  containing  a  large  nundHT.  (l)e  la  Rive.) 

Strongly  acting  piiirH  muht  not  tw  united  with  such  as  act 
t.  g,,  zinc  and  aipjier  with  copin-r  and  platinum;  or  jiairn  airtod 
fn«Hh  acid  with  piiirH  subjected  to  the  action  of  add  which   has  be>oa 
and  is  therefore  saturated;  neitlu'r  nhould  large  pairs  Im'  n  f^ 

ones.     The  ad«litior]  of  jNiir**  which  act  less  |»ow4!rlully  [III  ■  iici 

tho  tonsiori]  diminishes  tliu  quantity  of  the  current  coustdcrubly,     U  (C 
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paira  with  froflh  nckl  produce  a  current  c;i[Kil)lo  of  libemting  R-1  cubic 
iiic'hes  of  deloriatiug  pjia  m  a  mimito  liy  the  •liiConijMt.sifion  of  water,  tiie 
qiiaiititj  <ibtaincd  in  tlic*  Banio  time  is  rodufod  to  I'l  onl>ic  iiiclieH  wlien 
tln's«  40  pairH  willi  ffL'sii  acid  are  counectc'd  with  10  pairs  acted  upon  by 
acid  |iroviiiUtfly  used.  (Faraday.) 

Materials   of  the   Battery. 

ZiiH",  either  common  or  amalgamated,  is  almnst  always  employed  as 
tlie  pnsitire  metal  of  tlie  battery.  But  Bince  cnmraaii  zinc  is  subject  to 
orditiary  chpuiieal  action,  aud  likewise — on  acconiit  of  alloys  mixed  with 
it — to  local  galvanic  action  ;  aud  since  tliese  actions  conliiuie  even  while 
the  circuit  is  o()en — a  great  deal  of  zinc  and  acid  are  uselertsly  consumed. 
By  the  use  of  amalgamated  zhic,  first  introduced  by  Sturgeon,  this  loss 
is  avoided.  With  thin  kind  of  zinc,  however,  the  ciu^rent  in  eoon  reduced 
to  I  or  -jJ^  of  its  orifciiial  strength,  because  no  gas  is  evolved  on  the  zinc, 
and  consequently  the  acid  does  not  get  well  mixed;  but  on  breaking 
Contact  for  a  while,  the  current  regaiiis  its  foitner  power. — Rolled  zinc 
piutcs  are  preferable  to  those  of  cast  zinc,  which  are  leB«  pure.  New 
plates  act  Ijetter  than  such  as  have  been  used  two  or  three  thnes,  perha{M) 
Dccaiise  the  alloys  come  out  more  prominently  as  the  surface  dissolves, 
and  tlms  give  rise  to  local  galvanic  Jiction.  This  deterioration  of  zinc 
plates  by  use  soon  reaches  itw  limit  in  tlie  case  of  rolled  zinc ;  but  with 
cast  plates  it  goes  on  continiially.  The  moro  smoothly  the  plates  are 
rubbech  the  better  do  they  work.  (Faraday.) 

For  tlie  netfatipe  metal — cojj[x»r,  ii'on,  lead,  silver,  platinized  silver, 
platinum,  graphite,  charcoal,  or  |X'roxide  of  lead  may  lie  used. 

In  a  batteiy  of  iron,  platinum,  and  tlilute  sulphuric  acid,  only  a  small 
quantity  of  liydrogon  gas  is  evolved  up)on  the  [ilatinum  ;  but  if  the  iron 
[dates  used  in  this  battery  are  united  with  zinc  plates,  nearly  twice  as 
ntucli  hydrogeu  is  evolved  ui>on  the  iron,  as  would  be  given  eiT,  if  the 
same  zinc  plates  were  connected  with  platinum.  Fresh  iron  plates,  on  the 
contrarj',  do  not  act  more  strongly  than  jilatinum.  (Diuiiell.) 

Wht.'U  the  surface  of  the  negative  metal  is  twic-e  as  great  as  that. of 
the  [Kwitive,  and  a  [ilate  of  the  latter  is  iuterjxjsed  between  two  plates  of 
the  fonncr,  the  quantity  of  the  eui'rent  is  gr<\atly  increase<l  (p.  380). 
(Hare,  Faraday.)  The  quantity  is  also  greater,  the  thinner  the  stratum  of 
hquid  between  the  zinc  an<i  the  negative  njctal  (p.  377).     (Faraday.) 

A  iR'ctiliarly  strong  action  is  produced  by  stiver  or  plated  copj>er,  on 
which  platinum  is  precipitated.  A  rough  surface  is  firet  inijtarted  to  tho 
silver  by  treating  it  for  a  short  time  with  strong  nitric  acid  ;  it  is  then 
immersed  in  dilute  sulphuric  .icid  to  which  a  little  chloride  of  platinum 
has  been  added,  and  connected  with  zinc  immersed  in  tiilnte  sidphuric 
acid  contained  hi  a  p< irons  tube,  this  tulM-  dipping  uito  the  lirst-mentioned 
liquid.  The  platinum  is  precipitated  on  tho  silver  in  the  form  of  a  black 
powder.  (Smee.) 

Of  carbonaceouB  substancea,  the  most  serviceable  arc  plumbago  and 
hard  gas-coke ;  then  porous  coke  and  box-wood  charcoal.  These, 
however,  eoon  lose  their  power,  in  ciinsequenee  of  becoming  tilled  with 
hydrogen :  but  if  the  hydrogen  be  removed  by  immersing  them  in  a 
solution  rjf  sidphate  of  copper,  which  likewise  produces  a  precipitation  of 
c/tp|H'r  u]X)n  and  within  them,  a  powerful  battery  may  be  made  with  them, 
(Smee.) 

A  mixture  of  coal  and  coke,  strongly  ignited,  forms  a  carbonacooua 
mass,  which  acts  nearly  as  well  as  platmum,  aud  is  well  adapted  for  use 
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on  account  of  its  tenacity 

p.  392.)  .  . 

For  Uijuifh,  the  following  may  be  naed :  Rpnng-water,  aqueons  »o«- 
tions  of  common  saU,  sal-animonia*,  nitre,  alum,  sulphate  of  copper, 
bisulphate  of  pntaali,  and  otlier  salts,  aqueous  aininoiua  or  potaalu  wl 
tlilute  snl|ilinricT^  hydrocliloric,  or  uitric  acid,  or  a  mixture  of  dilute  sul- 
phuric and  nitric  acids. 

Water  ffivcs  a  continuous  current  of  siniill  quantity  and  atti 
zinc  bnt  very  little.  With  saline  Holutions,  the  current  is  at  first  al' 
but  soon  diminishes  (p.  377).  Sulphate  of  copper  is  the  only  ^.' 
gives  a  more  jK-nnanent  current  ;  it  also  acta  without  evolution  of  \.j^- 

A  mixture  of  water,  Bulphuric  acid,  and  nitric  acid  («.  g.,  100  measuw 
of  water  to  4*.5  oil  of  vitriol  and  4  lutric  acid)  jxiaseBses  tJiis  advantage,— 
that  it  not  only  excites  an  intense  and  abundant  current,  but  tiiat  iioithet 
hydrogen  nor  nitric  oxide  gas  is  evolved  from  it,  because  the  hydni^ 
evolved  from  the  water  comliines  with  tbf  nitrogen  set  free  from  the  nitric 
acid,  and  forms  ammonia.  (For  Fyfe's  experiments  on  the  power  d 
different  circuits,  i-ki.  Pop.  43,  228.) 

When  dilute  sul|>lniric  and  nitric  acid  are  used  togt?ther,   ins',  i' 
dilute  8ul[ihuric  acid  alone,  iu  a  battery  of  ten  pairs  of  amal^mai    . 
and  platiuum,  the  qiumtity  of  the  eurreut  (measured  by  the  Volti 

is   nearly   trebled,   atul  the   ipiantity    of   hydrogen    gas   evolved   in  

diffcHMit  colls  is  small  and  unequal ;  but  hi  five  minutes  the  cunvnt  cvaen 
almost  entirely,  and  is  but  iuipi-rfeclly  restored  by  opeuing^  the  rircuii. 
When  more  nitric  acid  is  added,  the  evolution  of  hydrogen  ceases  entinJt 
in  HOino  cells,  and  almost  wholly  in  others :  the  current  is  strcngtlu^ied 
but  diminishes  rajMdlj'.  If  when  the  fircuit  has  been  closed  for  thirt* 
hoiu-s,  and  the  current  has  almost  wholly  ceased,  the  platinum  plates  bir 
removed  and  replaced  by  new  ones,  the  battery  wilt  again  act  as  stroagij 
as  at  first,  but  only  for  a  short  time.  The  platinum  plates,  which  h«w 
become  unictive,  arc  not  completely  resttired  by  ignition,  polishiltf,  * 
boiling  with  strong  solution  of  |M>tash ;  but  they  recover  tiieir  actirilT 
entirely  by  lK>iUng  bi  nitric  acid.  F<tr  they  are  covered  with  zinc  partly 
cryst^alline,  jmrlly  of  a  warty  texture, — the  coating  even  extending. 
though  in  smaller  quantity,  to  the  side  which  is  turned  away  fn>m  XW 
zinc.  The  rapidity  with  which  this  coating  is  formed,  increases  with  ik 
quantity  of  zinc  dissolved  in  the  liipiid;  it  is  therefore  gjoatest  wKai 
luiamalgamated  zinc  is  us^mI. — Eveiy  time  tlic  circuit  Ib  broken,  the  anc 
deposited  upon  the  platitimn  dissolves  again,  pmvided  a  sufficii-nt  nui»* 
tity  of  free  acid  lie  present.  When  the  acid  liquid  holds  a  (lunntityi^ 
copper  in  solution,  that  metal  is  first  deposited  on  the  platinunu  mJ 
afterwards  the  zinc,  but  with  less  facility.  But  when  a  Larger  quantity 
of  copper  is  contained  in  the  liquid,  the  ctipjx'r  is  precijHtatcd  on.lb"' 
amalgamated  zinc,  and  causes  an  evolution  of  hydrogen  upon  it.  Tb' 
addition  of  nitric  aeid  to  the  riilute  sulphuric  aci<l  assists  the  Motion  bv 
diminishing  the  evolution  of  hydrogen  gas  on  the  platinum,  inaAmucb  •• 
it  gives  rise  t(»  the  prrMbietion  of  ammonia  pjy  wliich  however  the 
BO  much  the  more  (pjiekly  saturated.]  (Daniell.V 

llemarkably  powerfid  ciurents  are  produciul  by  the  proper 
of  two  mctalswith  two  liquids  (p.  3Ht)). 

With  plates  of  given  surface,  the  quantity  of  the  current  variee  •oooH- 
ing  to  their  nature  and  that  of  the  hquid,  as  follows  :  AmalgatnatAd  bdc 
dilute  sulphuric  acid,  copper:  019 ;— amalgamated  anc,  dmit«  Bolphoric 
acid,  platinized  silver  (according  to  Smce)  :  0-29  i— am»lg»ni*tcd   ^Dfr 
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dilute  Hulphuric  acid,  iron  (according  to  Sturgeon):  0-30  or  less;— zinc 
dilute  Bulplniric  acid,  sulplialc  nf  coppoT,  cop[«er  (according  to  Danii-ll) 
0*ti5 ;— amalg'ainatod   ziiic,    dilute  sidphuric   acid,   concentrated   nitric 
Acid,  platiuutii  (iiccordirig  to  Grove):  1'09  (Joide). 

1.  Batteries  with  two  Metak  and  two  Liquids. 

DanidVs  Constant  Buttery.  (App.  25.)  An  ox-gullet  closed  at  tho 
bottom  (or  connected  with  a  bent  tube  for  carryuig  off  tbe  8pt>tit  acid) 
contains  dilute  sulphuric  acid  and  a  rod  uf  ainalgaitiiited  zinc,  and  in  tixed 
uprij^lit  in  a  cylindrical  copper  vesi-iel  filled  with  a  sohition  of  Hulphato  of 
copper.  The  acid  is  either  couBtanlly  renewed  by  causing  it  lo  tiow  into 
and  tlmtugh  the  beiit  tulK".  or  occat^ionally  by  ixjuriug  it  in  when  wanted. 
The  solution  nf  Kulphate  of  cop[ier  is  niaintaiued  at  a  constant  tstrenpth  by 
means  of  j^iirtions  of  the  ludverizcd  salt  placed  in  sieves  at  the  uj>per  part 
of  flie  tiijuid.  From  10  to  20  siiufile  circuits  of  thia  kind  are  united  (the 
I  €:r)pper  vessel  of  the  first  with  the  zinc  cylinder  of  the  Becond,  the  copper 
'  vetssel  of  the  Kecond  ^vith  the  zinc  cylinder  of  the  third,  and  ko  on,  the 
conm.'ction  being  made  by  metaUie  conductors.) — This  battery  evolves  no 
hydrogen  gas,  even  when  the  ends  are  unconnected :  the  copfjcr  of  the 
solution  is  gradually  deposited,  when  the  circuit  is  closed,  on  tlie  inner 
surfaces  of  the  coppc^r  cyltiiders.  When  the  current  is  made  to  pass 
through  acidulated  water,  the  ([uantity  of  detonating  gas  evolved  is 
greater  in  the  first  quarter  of  au  hoiu-  than  in  any  subsequent  e<|Ual 
interval;  but  from  that  time  the  current  remains  perfectly  unifonn, — so 
that  when  tlie  circuit  has  been  closed  for  four  liours,  the  quantity  of 
detonating  gas  evolved  in  a  given  time  on  passing;  the  current  through 
acidulated  water,  is  the  same  as  l)efore.  The  amount  of  pure  chemical 
action  in  this  battery  is  very  small.  For  188*48  cub.  in,  of  detonating 
gas  evolved  in  the  decomfunsition  of  water  by  a  ten-pair  battery,  93"3 
grains  of  zioc  are  dissolved  in  the  same  time  from  each  zinc  plate  (there- 
fore 9.13  gr.  for  the  wholi;  ten  platt's);  that  is  to  say,  only  7-2  gr,  more 
tlian  the  quantity  required  by  the  stoichiometrical  proportion  of  water 
decoin[)osed  to  zinc  dissolved  (H  :  32'2). — Whilst  the  ten-pair  battery, 
when  the  zinc  is  immersed  in  a  mixture  of  100  measures  of  watrr  and  4  J 
measures  of  oil  of  vitriol,  liberates  3'8  cub.  in.  of  detonating  gas  in  o 
minutes, — it  gives  2*1  cub.  i)i.  when  nitric  Jit:;id  is  added  to  the  sulphate  of 
copper  solution,  and  4*2  cub.  in.  on  the  addition  f»f  nitric  acid  to  the 
8ul[»huric:  the  latter  quantity,  however  «(Ktn  sinks  again  to  3"8  cub.  hu 
Hence  the  addition  of  nitric  add  in  useless.  With  a  mixture  of  100 
measures  of  water  and  9  measures  of  oil  of  vitriol,  the  quantity  of  gas 
obtained  in  5  minutes  is  5"5  cub.  in.;  and  with  liKi  water  and  12*5  oil  of 
vitrinl,  it  amovint^  to  11- cnb.  in. — ^\^lerl  the  circuit  is  kept  closed  for 
five  hours  without  renewal  of  the  acid,  the  quantity  of  iletonating  gaa 
evolved  in  5  minutes  sinks  from  2"7  to  2*4  cub,  in,,  and  after  24  hours  to 
0'3  cub.  in. ;  the  acid  is  then  found  to  be  completely  saturated  with 
oxide  of  nine.  If  half  the  hfjuid  be  now  replaced  by  fresh  dilute  sulphuric 
acid,  the  quantitj'  of  detonating gxis  evolved  in,'>  nunntes  rises,  not  merely 
tn  the  original  quantity  of  2'7,  but  to  -i^  cub.  in. ;  and  the  batteiy  retains 
this  strength  for  1  hrmrs,  because  the  solution  of  sulphate  of  zinc  mixed 
with  the  litpiid  increases  its  conducting  power.  The  aetii^n  remains  the  same 
whi'ii  the  zinc  cylinders  are  reduced  to  one-fowrth  of  their  former  length. 
The  eurrent  is  not  increased  when  the  copper  surface  is  extended  by  the 
introduction  of  a  number  of  slips   of  copjjer. — A    twenty-pair   battery 
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makes  a  platinum  wire  8  inches  long  and  -j-^  of  an  inch  thick,  inoandnont 
in  tlie  air. — If  a  zinc  cylinder  u»  one  of  the  vvUs  be  roplaoed  by  a  tlai 
platinum  wire,  pure  oxygen  gaa  is  evolved  u]»ou  it,  84  cobic  iochrso 
an  hour.  (Duniell.) 

Jacobi  {Elvcirotffpe,  Petersbvrghy  1840)  plact'S  a  plate  <»f  Iwul  «  'i 
thick  copper  rolled  up  into  a  cyhiider  (not  soldered,  in  order  tb*t  tk 
preci])itati'd  cupjter  may  bo  rcnuived  by  uiiIx-ikUh^  it)  in  no  oUi'W 
rectangular  vessel  of  copjier  or  Icail.  This  eyUnder  louche*  three  iutk»>^ 
the  vesBel.  The  Bpiw-o  between  it  and  the  fourth  side  Bfi'ves  to  n"Ct«wi 
Bicve-bottomed  trough  placed  it»  its  upj^^r  part  and  filled  with  pcmftiW 
sulphate  of  copper,  iu  order  that  the  sohition  whiclj  drains  tlimugti  iLr 
bottom  of  the  trough  may  Hii])f>ly  the  loss  of  that  salt  resulting:  ixvtn  tW 
galvanic  action.  \\'ithia  the  h-ad  or  cop[K'r  cylinder  is  placed  aootbrf 
cylinder  made  of  the  thinnest  possible  earlhenware,  tilled  with  dflnU 
Hulpluiric  acid,  and  ccintainitig  a  zinc  eyiirrder  either  Bohd  or  hoHc*. 
Tlio  liquid  in  withdrawiv  by  means  of  siphtuis  of  {Jcculiar  constructk'U;  «1 
all  events,  the  acid  liquid  must  be  removed  from  time  to  time  as  itbeooaw 
Batvirat<Ml  with  zinc.  The  earthenware  cylinden*  are  soaked  in  w»ta» 
every  aix  or  fourteen  days,  in  order  to  re-oj>eu  their  pores. 

liiste'ad  of  aiiinuil  membranes,  on  which  copjKjr  becomes  precipitJitnl 
MolHuB  uaes  a  hollow  cyUnder  of  pycamore  or  other  white  wood  di»«4 
at  thf  liNjtlom ;  he  also  uses  a  ijolution  »if  equal  i>arts  of  water  and  eaXit- 
rated  poliitiun  of  Bul-ainnioniae  in  |>liice  of  dilute  sulphuric  acid.  (For  tk( 
other  alterations,  rid.  Phil.  Mag.  J.  \^,  37). 

SjHincer  (i'^y;/.  iJU  372)  substitutes  for  the  ox-^illet  in  DanwIBi 
battery  a  cylindtT  of  thick  brown  packing  pajH-r,  modelled  upon  n  wnodn 
cylinder,  fastened  with  sealing-wax  throughout  it*  whole  lenjf I !'  '  mt 

of  a  hut  iron,  and  ehised  at  bottom  with  a  tiiin  round  plate  of  v  ,  h 

has  a  circular  groove  cut  in  it,  ho  that  it  may  be  tied  with  u  string  t*-  \\\v 
pa|K'r  cylimler.  Solution  of  Olauber's  salt  or  8ul])hatc  of  zinc  tu  u»cd 
instead  of  dilute  stdphuric  add. 

Or : — a  glass  cyUnder  outside ;  within  this,  a  cylinder  of  thin  sheet  \tuA 
or  the  tcail  of  wliich  the  Chinese  tea-canisters  are  made,  with  ntuncmM 
vertical  folds,  so  that  it  has  a  starry  appearance  and  prr-sents  a  Wkv 
Burfucc.  Within  tliis  again  is  placed  a  cyUndrieal  vessel  of  unglaied 
eartlienware ;  and  this  contains  a  cyUnder  of  sfJnc  surrounded  with  Huliilule 
of  Boda  or  sultihate  of  wnc.  The  lead  inunersed  in  the  solution  of  suhidftt* 
of  copiH^-r  soon  liecomes  CA>vered  with  copjH-r,  atid  acts  Hke  that  meld. 

Grui'e'ii  Bnttvry.  (Ajijt.  20.)  A  i»orcelaiii  trough  is  divided  by  ]Mi1i> 
tions  «,  also  of  jM^ireelairi,  into  four  cells,  a,  A,  f,  rf.  Ilach  cell  coDtaias* 
Ih)x  I  of  |K>rou8  earthenware.  Betw<?en  the  surfaces  of  the  cell  and  dM 
Lmix  Is  placed  a  plntinnm  plate /jf,  passing  downwards  on  one  side  nf 
cell  and  upwards  on  the  other, — and  in  the  earthenware  l»ox,  an  amnlj 
mated  zinc  plate  :,  connected  with  the  platinunt  plate  of  the  neoond  «»ll 
thick  wires  screwed  on  to  the  sane  and  the  piathium,  &c.  The  bt>x  i  18  fill 
with  water  containing  one-lifth  of  its  bidk  of  oil  of  vilriol,  <ir  oue^hatf 
hulk  of  hydi-ochloric  a<^'id  ;  and  tin-  space  Cf>utaining  the  plutiutim  b  flM 
with  a  mixture  of  equal  part^i  of  oil  of  vitrifil  and  stmng  nitric  acid.  Tht 
a|>|>aratuB  is  fitted  unth  a  cover  c«:>ntaiiung  lime,  in  order  to  obsorb  Um 
nitrous  vapours  which  jux-  evolved.— The  ajti>aratu8  contains  eight  oiinoe* 
of  liiiuid.  It  must  not  Ix?  left  in  action  more  than  half  an  hour,  IwcuM 
it  beeonurs  l4M>  hi>t.  ((irovo.      I'w/.  p.  .S!U). 

,\n  instrument  of  this  khid  fumished  with  only  single  platinam  plut(« 
—  each  of  liie  four  mc  and  platiuiiin  plates  having  a  Httrfooo  of  14  aqaart 
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iiicJiee,  liberates  fi  cubic  iachos  of  detonating'  gas  per  minute,  when  the  coii- 

*       liectiiig  wires,  are  ruade  to  cjifi  into  water  aeidnlutod  witti  euiphuric  acid, — 

I       brings  [»  pliitiiium  of  7  incheH  lnii>r  and  J^  of  an  iiicli  thiek  to  a  state  of 

briyirt  ij^niitioii — and  causefi  atocl  ncedicK  tr>  Ijurn  with  brilUauey,  (Grove.) 

^m         A  tivf-[iair  hattiTj  of  this  di^seription  having' in  each  earthenware  cell  a 

^M  pJatiiunn  plate,  8  inches  hii)g  and  '2  iuelies  wide»  ijiiinersed  in   nitric  acid 

H  of  l-yf*  sj>.  gr., — aud  in  each  jmreelain  eel!  a  zinc  plate  of  double  the  eize 

H  b<-iit  round  at  the  bottom  and  irnmereed  in  liydrocldtnic  aekl — yields  15 

"  cuJiic  inches  of  detoiuitiiig  gas  |ier  minute,  fuzes  jilatinum  wire  of  the 

thickness  of  a  knitting  nccd!e  in  a  few  secunls,  canseH  cliurcoal  to  emit  a 

light   of   intolerable   brilliancy,    and    will  produce  a  magnet  e^niable  of 

bearing  Si  cwt.     Its  physiological  effects    however  are  but  slight  [on 

aecouiit  of   the  feeble  tension  of  5  pairs.]     The  current  is  likewise  of 

constant  strength.     (Schonbein,  Fiyj.  41),  511.) 

Porcelain  cylinderB,  closed  at  bottom  and  covered  on  the  outaide  with 
a  layer  of  phvtinuni  burnt  in,  may  be  piaced  in  cylindern  of  porous 
earthenware  lilled  with  nitric  acid,  and  tbetse  again  in  vetsHcIs  e^mtaining 
cyltndricatlv  lieiit  zinc  platen  with  dilute  Bulpburie  acid,  or  Btill  better, 
Bidi.hate  cf  zinc.  (Pfaff,  Fofjg.  53,  303.) 

luHtead  of  jilatiuum,  an  iron  rod  may  also  be  immersed  in  strong 
nitric  a<Md  contained  in  a  tube  of  gypsum,  and  the  tube  placed  in  a  vcHsel 
containing  dilute  sulphuric  acid,  in  which  ia  immersed  a  idnc  plate  bent 
into  the  fnmi  of  a  cylinder.  After  this  battery  has  acted  for  scune  time, 
the  acid  becomes  so  much  weakened  that  it  diaaoU'es  the  iron  suddenly. 
(Hawkins,  Phil.  Mag.  J.  16,  115. — PoggendoriFs  Arraugemeut,  Pogt/.  5i, 
425.) 

When  the  following  carbonaceous  substances  arc  used  instead  of 
platinum  in  Grove's  battery,  the  quantity  of  detonating  gas  evolved  in  a 
given  time  is  found  to  dimmish  as  follows  : — Platinum  :  3'52  ; — graphite : 
3*4 ;  gas-coke,  such  as  ia  deposited  in  the  fonn  of  a  hard  crust  in  the 
retorts  in  which  illuminating  gas  is  generated :  3*27 ; — well  biurit  char- 
c<ial:  3"17.  The  action  of  alt  these  substances  is  therefore  nearly  the 
same  as  that  of  [jlatinum.  (Cooper,  F/nt.  Mug.  J.  Ifi,  35.) — Schonbein 
iPixjg.  49,589)  found  the  same  result  with  gas-coke. — Charcoal  having  a 
surface  f)f  8  square  inches  Uberates  as  much  gas  as  platinum  7  square 
inches  in  surface,  (Smee.) 

Uunsen  {Ann.  Phnrm,  38,  311;  P(>$g.  54,  417)  forms  cells  of  car- 
bonaceous snbstance  prepared  in  the  manntfr  already  de8crifM?d  (j».  3t)2), 
fills  these  cells  with  a  mixture  of  sand  and  nitric  acid,  which  is  renewed 
fmm  time  to  time  as  it  is  used  up,— and  places  them  in  iblute  snljihuric 
acid,  also  ci>ntaining  the  zinc  plates.  A  battery  of  three  sweb  pairs  with 
zuic  plates  3  inches  wide  and  4  inches  long,  lilierates  from  38  to  45  cubic 
centiiiietn's  of  detonating  giis  px-r  Tninut<!, — while,  for  evei"y  atom  of 
water  decomposed,  not  mucli  mure  than  one  atom  of  Kino  is  disHolved  in 
eaci)  cell.  Platinum  wires  of  some  thickness  are  made  red-hot,  and 
charcoal  brought  to  a  stato  of  dazzling  incandescence  {vid.  PoggendorfF, 
Fogg.  54,  419.) 

VViihler  &  Wi.Ikt  {Ann,  Phan/i.  38,  307)  form  two  cylinders,  ofien 
above  and  helow,  out  of  a  piece  of  fiohshed  iron  plate :  one  of  the  cylin- 
ders is  made  wider  than  the  other,  and  the  two  are  connected  by  a  bent 
piece  of  tra-tal.  Tiie  wider  cylinder  is  placed  in  a  gUtss  vessel  contahiin^ 
dilute  sulphuric  acid, — in  this  is  immersed  an  eartluniware  cylinder  lilled 
with  strong  nitric  acid, — and  in  this,  tlie  narrower  cylinder  of  the  following 
jKiir.     Tiie  iron  in  tlie  sulphuric  acid  acts  like  zinc,  that  in  the  nitric  add 
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like  platinum.  When  the  Biirface  of  the  wider  cylinder  is  only  tkn» 
eqiifire  inches,  two  pairs  of  this  arrangement  are  eiifticieut  to  raiw  tfer 
platinum  wii-e  to  a  white  heat.  Tinned  plate  appears  to  be  pn?fvnil>l<-l'f 
imnKTsion  in  the  nitric  acid ;  it  is  perhaps  mofit  advantageous  t-o  h«ve  ii< 
whule  made  of  cast  iron.  (VVohler.) 

Three  pairs  of   iron  cyUnders  having  a  total  surface  of  12  B 
indniB,   three  irnn  cylinders  in  nitric  acid  of  1-44  sp.  gr.    and  the 
others  in   a  mixture  of  7  parts  water  and  3  yiarts  oil   of  vitriol,  jf 
of  a  cubic  inch  of  detonating  gas  jier  minute. — Five  pairs  of  tin- 
(inHtend  of  zinc)  and  irrui-plate  (instead  t.if  platinum)   having-  a  totali 
face  vi  83  square  iiicheH,   yield  IS  cubic  inches  of   detouatiug  gM 
minute,  whereas  an  apparatus  of  zinc  and  platimnn  of  tlie  same  B 
y  cubic  inches.  (Wulchner,  Aitn.  P/tami.  4U,  Til.) 

Aqueons  solution  of  sesquichloride  of  iron  in  Grove's  apparatus  jwh 
duces  an  action  lesw  by  one  fourth  thjui  tliat  of  nitric  acid.  (Smee.) 

Grove's  battery  is  stronger  than  any  other  of  equal  surface:  itsdii- 
advantages  are, — the  great  expense, — the  uiconvenience  caimed  by  nitirw 
fumcR  and  the  use  of  corrosive  nitric  acid, — and  the  mixing-  of  the  li<iuidi 
by  endosmose. 

2.  Batteries  ivith  two  Mctah  and  one  Liqidd. 

A.  The  negative  meial  having  twice  as  much  surface  at  thepositne  nUtcL 

Faraday,  adopting  Flare's  method,  makes  two  rectangpnlor  WndDio 
the  middle  of  a  ctijiper  jtlate /:i- ( J/i/A  yi),  so  that  tin-  Hides  run  [larallol 
to  one  another;  he  then  solders  the  u|ijM'r  end  of  one-half  of  the  plate  to 
a  zinc  ])late  ;  by  means  of  a  l>ent  \ivi-v  of  metal  b, — and  ci.uinects  serenl 
sneh  pairs  in  such  a  [ttanm-r,  tliat  the  zinc  plate  of  thelirst  sljuU  hi.*  inscrtrd 
hclwfen  tiie  tW)>  copjM-r  j>la1<-s  f>f  the  second,  aud  kept  from  toucliing  the 
coj>|x^r  by  the  introfiucl  ion  of  small  pieces  of  cork,  i^^  of  an  inch  thick, — tlw 
zincplateof  the  secoiid  Liet  ween  the  two  co|ifier  platesof  the  tliirtl,  aud  so  oc 
The  copper  plates  of  ouc  pan  are  kept  from  Cdntaet  with  those  of  the  neat 
by  the  insertion  of  thick  pa|)er.  Hut  as  the  pajXT  l»econie8  HaturatiHl  wili 
nitric  acid,  aud  this  aeid  dissolves  cojuxt,  which  is  subtieipiontlv  prtei* 
pilated  on  the  zinc,  it  is  better  to  sejiarate  Ihr  copptT  plates  by  8tn(W(i( 
glass.  The  plates  thus  arranged  are  placed  in  tlie  division  a  of  the  doubls 
trough  rc|treseiJled  in  /!/»/».  ,Y2.  Forty  juiii-s  require  a  trough  lii  ittclicfl 
long,  mid  UW  \mvH  a  trough  3  feet  h»ng.  The  double  trough  is  iiuive* 
able  round  tlie  a.xis  x.  A  quarter  ri'vohition  brings  the  trough  b  below 
and  the  trough  a  on  the  sine,  so  that  the  acid  liquirl  runs  from  a  ilitoii 
Hence  it  is  only  necessary  to  turn  tin-  apparatus  a  qmirter  round,  in  onirt 
to  bring  the  acid  in  contact  willi  t1j(!  plates  or  tu  dischargt^  it;  LbuH,  all 
lumecossary  action  of  the  acid  on  the  zinc  is  avoided.  The  interval* 
between  the  cop(>er  and  zinc  in  this  ap}.taratus  behig  much  anialUrr  than  ta 
the  common  truugh  battery,  and  tite  quantity  of  a^-id  liquid  eni(il(iye<l 
Ijeing  cotisrquently  much  li>.ss,  the  liquid  becomes  more  iMiickly  Hatunki«d» 
and  must  W  mure  frequently  ivnewed.  An  appamtus  ot  this  deaoriptiaQ» 
containing  forty  pairs  with  a  surface  of  three  square  inches,  acts  as  tftrongfy 
as  an  ordiiutry  trough  ap[>nratus  (with  single  Ci>p|x-r  surface)  ountainSif 
forty  pairiH  having  a  surface  of  foursquare  Inches.  (Faradny.) 

}itttrijeon»  fiuttay  consihts  of  eight  cawl-inm  cyUndrkMkl  veewhy  10 
inches  high  and  ',\  inchcH  in  diameter:  ui  eiich  of  them  is  placed  an  aoMtK 
gamated  zinc  cylinder,  c(mnccti.-d  with  tiie  next  iron  vi-Mtvl  by  uieaos  ola 
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tliirk  copper  wire,  to  which  it  is  soMored,  and  fixed  into  a  wcKnlfn  ring 
which  prevents  contact  lietwcon  the  zinc  and  iron.  The  vessels  contain  u 
mixture  of  8  parts  water  and  1  part  oil  of  vitriol  (a  mixttiri;  which  acta 
by  itself  on  amiilgamatod  zint;).  Tho  battery  makea  thick  i»!atinuni  wire 
red  liot,  yields  from  4  to  5  cubic  inches  of  detonating  gns  jwr  minute,  and, 
thtiugh  tint  oxiictlj'  cutiHtant,  contiimcB  in  action  for  a  long  time.  (Mohr. 
/■(«/</.  51,  372.) — According  to  Sturgeon,  tlie  folktiving  batteries,  each 
having  ten  pairs  of  phitcH,  with  a  Hurface  of  1()4  square  inchcH  yiehl  the 
folhnviiig  quantities  of  liydrogcii  gas  per  niinnte  by  the  dec^>mpo.sition  of 
water:  Sturgeon's,  25;  Grove's,  2-4:  Sniee's,  15;  DauieirB,  12  cubic 
iuches. 

Vhitdren'a  Battery  consists  of  forty  copper  and  twenty  zinc  plates,  each 
6  feet  long  and  2  feet  8  inches  wide,  each  zinc  ptate  being  placed  between 
two  coptMM-  plittes  {PhU.  Tr.  18U!>,  p.  32.  iichw.  1,  374;  U,  212  ;  K!,  359  ; 
also  (iilh.  ;ia,  334 ;  52,  353.) 

WoUuKfon's  CtU  Apparatus.  Zinc  plates  are  immersed  in  long  anJ 
deep,  but  narrow,  cop|x>r  cclb,  lilled  with  an  acid  lirpiid.  The  first  cell  is 
connected  by  a  semi-circular  strip  of  metal  with  the  zinc  plate  which  dips 
into  the  second  cell,  and  so  on.  {Compare  Hart,  Ed.  J.  of  Sc.  4,  13.)— 
The  apparatus  of  the  Fh)rentiue  Museiun  consiHts  of  six  zinc  plates,  each 
85  inches  square,  immersed  in  six  cx>pper  cells.  (JV.  Tr.  C,  I,  21i*.)^lf 
the  cells  are  made  of  platinized  silver  (jr  platinized  plated  ct>])j»er  (p.  411*), 
and  contain  a  mixture  of  1  measure  of  <tii  of  vitriol  with  8  measures  of 
water  in  which  zinc  plates  are  immersed,  the  battery,  acts  very  strongly, 
and  will  c<jritinuo  in  action  for  forty-eight  hours  without  requiring  fresh 
acid.     (Sniee.) 

De  la  Kuo  {Phil.  Mug.  J.  9,  484  ;  10,  244)  fills  the  copper  cells  with 
solutii.»u  of  sulphate  of  co()|K'r,  and  [ilaces  an  amalganjated  zinc  plat^-  In 
each  (an  unamalgamated  xinc  plate  would  tiecorae  covered  with  copj^H.T). 
The  action  is  stronger  than  witli  acids,  and  no  gas  is  evolved. 

Ynnnifit  Batten/  {Pfa'i.  Mag.  ,L  10,  241  r,  aiso  Pogg.  40,  625),  in  which 
two  connected  zinc  plates  are  inter(K>sed  between  two  connected  copper 
plates,  in  such  a  manner  (hat  one  of  the  zinc  plates  is  placed  l)etwceti  the 
two  cotifKT  ]*lafes,  and  one  of  the  copper  [jlates  between  the  two  zinc 
plates,  dtM-s  nc^t  [tossess  any  particular  advantage. 

B.  The  aur/ace  of  the  iterative  metal  not  greater  than  that  of  the  positive 

metal. 

Simple  Trough  or  Cell- Apparatus.  Oblong  troughs  of  earthenware  arc 
divided  into  c^'lls  by  earthenware  partitions.  Each  cell  contains  a  pair  of 
plates  of  the  two  metals  not  in  contact  with  each  other ;  the  positive  plate 
of  the  first  cell  is  connected  by  a  curved  strip  of  metal  with  the  negative 
plate  of  the  second  cell,  &t:.,  &c.  All  the  ix-lls  contain  the  same  litjuid. — 
The  nuiuber  of  iiaus  used  in  this  kind  of  batteiy  is,  for  the  most  part, 
greater  than  in  those  ]ireviously  described:  hence  the  li^nsiiui  Ih  greater; 
but  the  quantity  unless  wry  targe  plates  are  used,  is  siualler. 

The  battery  nf  the  Royal  Institution  of  London  a)nsist8  of  2000  pairs 
of  plates,  each  plate  having  a  surfacxi  of  32  square  inches  on  one  side. 
At  the  Kaile  I'oii/technitjue,  in  Paris,  there  is  a  tniugh  battery  of  600  paira 
of  plates,  each  plate  having  a  surface  of  11  square  iiiches.  (Ciay- 
LuBsue  &  Thenard,  liec/urcJia*,  1,1.) 

In  the  Cup-apparatus  {Cotironne  des  tosses)  a  number  of  copper  wiron 
bent  knee-sbaijo,  and  each  having  a  ball  of  zinc  fused  on  to  one  of 
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tremities  are  immersed  in  a  Bories  of  glrtBaes  oontainjng'  dilute  acid|  ii 
BHcli  a  maniipr,  thsit  tlm  zinc  end  nf  caoli  wire  dipn  into  one  glwss  aud  lb 
cnfijNtT  imd  iiitii  tlie  uext.  The  action  is  but  uiight,  on  account  of  til 
BQiiill  surface  nf  the  metals. 

If  twenty-four  lient  iron  wires  bo  covered  at  One  end  with  peroxidt 
of  lead  (by  precipitation  in  the  vultaiic  oircle),  and  their  ends  nituk-  U>^ 
into  twenty-four  glasses  cnntaining'  ]  jn-irt  of  nitric  acid  in  100  ptirta  « 
water,  encli  gUiss  containiiij^  the  clean  ei»d  of  one  wire  and  the  coated  vd 
of  anothei",  a  battery  is  obtained  which  gives  sUjcrht  shockH,  but  k»r«  it* 
jMiwer  aa  the  [teroxiile  of  lead  dissolves.  (Schonbein.) — An  appanttus  0/ 
twelve  platinum  and  twelve  passive  iron  wires  immersed  in  nitnc  acid  d 
Hp.  ffr.  1*35,  produces  a.  very  feeble  current,  which  scarcely  dfCi:>m^Mi»c 
iodide  of  (X)fassium,  and  has  no  effect  oti  8ul])hate  of  copper  or  acidalfttcJ 
water.     (Schonbein.) 

In  tile  Voltaic  Pih\  pro])erly  so  called,  the  pairs  of  platos  are  disposed 
in  alternate  horizontal  layers,  with  pasteboard,  woollen  cloth,  (»r  fell, 
saturated  with  a  saline  solution  of  dilute  acid,  &c.  It  acta  like  ibf 
trough-battery,  but  evolves  less  electricity  in  a  g-iven  time,  because  Um 
contact  of  the  liquid  with  the  metals  is  less  complete. 

Instead  of  plates  of  co])p<.'r,  Straub  {Schwdzy  naturw.  Anzgifffr,  Jaiff. 
4,  S.  7,)  recoifiineuds  layers  of  carboruiceoiis  matter.  To  prepare  the0^ 
7  part.H  of  beech-wnod  charcoal,  in  fine  powder,  are  mixed  with  4^^  parts  fif 
wheat-Hour  and  a  proper  quantity  of  water,  into  a  paste;  the  paflt«  is 
then  numlded  by  j)reBHiu-e  into  tlat  circiilar  pieces ;  and  these,  after  Ireing 
drii'd  it)  sand  in  the  t>peu  air,  are  exjKised  for  three  or  four  days  to  a  coo» 
tinually  iiicreuHiiij;;:  heat,  till  they  smell  hke  burnt  bread.  They  are  thtM 
ground  quite  sniodth  ujwn  sand-stnne,  ignited  between  charc«5al  |»owd«», 
and  ground  again.  Before  using  them,  they  are  soaked  in  water;  after 
use,  they  arc  steeped  in  dilute  hydrochloric  acid  to  free  them  from  tiac, 
and  then  washed. 

De  Luc'a  or  Zamhont's  Pile.  The  so-called  Dry  Pile  is  nsually  fofliwd 
of  thin  sheets  of  metal  separated  by  paf»er, — e.  g.,  of  discs  of  so-calM 
gold  and  silver  paper,  joined  together  by  their  pajier  surfaces — or  of  e'llvnt 
pa(»er  having  its  [uiper  siile  anit-ared  with  honey,  and  then  Rprinkled  wHk 
jKToxide  of  manganese.  Simx!  the  nund.»er  of  jilates  in  theee  piles  caa 
easily  bo  raised  to  several  tliKUsands,  the  poles  exhibit  BufUcient  tensino 
to  give  sparks.  But  the  rjuiuitity  of  the  electric  current,  which  i-an  nrvm 
from  nothing  but  the  chemical  action  of  tlie  hygroscopic  water  in 
pa|)er  on  tlie  tin  of  the  so-called  silver  jKiper,  is  extremely  small,  Ilei 
the  poles,  after  being  discharged,  take  a  long  time  to  recover  t 
former  tension ;  the  pile  produces  uo  ignition  of  metallic  wires,  and  d' 
not  readily  exhiliit  cuemictd  action.  It  was  oidy  by  employing  plates 
greater  size  than  those  generally  used,  that  Buhnenberger  obtiiined  o  slight 
decomposition  of  water. — The  pile  wlien  fM-rfectly  dry  given  no  mon 
electricity  (Parrot,  II.  Davy),  and  the  quantity  which  it  yields  is  greater 
in  projMJrtiou  to  the  quantity  of  moisture  which  it  contains.  (Parrot.) 
the  pile  be  dried  by  surrounding  it  with  chloride  of  calcium,  itnd  rttiul 
itrt  tenij>erature,  it  will  afterwards  exhibit  no  electricity  at  onlii 

fn>ratures,    but  will    become   electrical  when    heated.      At   tot:  ,  , 

>etween  70°  aud  7A",  the  tension  of  the  p)les  is  even  gnniter  tli;u»  in  a« 
undricd  (rile  at  ordinary  lemjM'ratures.  liut  when  the  poles  havr  Ufii 
discharged,  the  arounndation  of  electricity  in  the  dried  pile  is  much  slower 
than  in  one  which  has  not  L>cen  perfectly  dried.  (,Iager.) 

In  the  undried  pile  also,  the  tension  of  the  polos  is  increased  liy  heat- 
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ing  to  24* ;  the  application  of  a  stronger  heat  produces  no  perceptihlc 
increase  of  tctisioii.  lu  vacuo,  tho  pile  cxhiliitK  tJu-  wuiic  tcnision  as  in 
the  uir.  If  the  pnsitive  pule  he  connected  witli  the  eondijc-tnr  of  an  elec- 
trical niaoliine,  the  negative  electricity  of  the  opi^nKite  pole  sinks  t.(»  0; 
but  when  the  uegiitive  j>ole  is  cniuiectcd  with  the  conductor,  tlie*  tension 
of  the  iK)sitive  jwle  increases.  (Donne.)  Aftc-r  the  lapse  of  some  time,  tho 
tin  of  the  silver  paper  hecouies  dull  and  tarnished  (U.  Davy),  and  the  pilu 
gradually  loses  the  wholu  cjf  its  power,     (diig-er.jt 

Comp.  Zanilmni  {Gilh.  CU,  151);  IIciTirich,  Schiibler,  Schweippcr 
(Sfhiv.  l.'i,  113,  liJ6,  lyU);  Jiiger  {GHh.  62,  227);  Doime  {Ann.  Chivu 
Phtfs.  42,  71,— abstr.  Hchuiy  58,  81) ;  RoBeuchold  {Poijg.  43,  193,  and 
440). 

3.  Batteties  consisting  of  one  Metal  and  one  Liijuid. 

If  sipiare  ptecos  with  long'  tails  be  cut  out  of  zinc  or  tin-foil,  and 
placed  in  about  thirty  watch-g-lasties  filled  with  water,  and  ananpfed  near 
un<5  fuiothur,  ho  that  a  sipiare  tnay  lie  in  oiin  watch-glaHs  and  the  strip 
attached  tu  it  in  the  next,— -and  Cfuacquently  each  watch-^hiss,  excepthig 
the  first  and  laat  may  cnritain  a  wipiure  and  a  Ktri[(  belonging  to  two  dif- 
ferent pieci"?8  of  metal, — the  arrangement  thus  pmduced  will  fie  ZaitihituCv 
J'ile  nf  two  Kkmettts,  In  Ruch  a  case,  according  to  Zamlioni,  the  lir»t 
watch-glass  into  which  the  lirst  square  dips,  or  the  pole  towards  which  all 
the  si)uareH  are  directed,  is  negative, — and  the  lust  watch-glasB  into  which 
tiie  last  Btri|>  dips,  or  the  pole  towards  which  all  the  strips  are  directed, 
poBitive.  With  copix.'r-foil,  tlie  opposite  arrangement  of  tho  poles  takes 
place.  [According  to  this,  the  piece  of  zinc  or  tin  of  greater  surface  must 
be  negative  towards  that  of  smaller  surface,  and  the  cnntraiy  with  ct>p- 
per.]  But,  accordhig  to  Enuan,  the  positive  pole  in  the  zinc  foil  arrange- 
nierit  is  tliat  towards  which  the  squares  are  direL-tcd,  und  the  m-gativo 
pole  that  towards  which  all  the  jioints  are  directed;  the  contrary  vvith 
silver.  According  t«)  Ernian,  also,  the  current  continues  fi>r  two  days  only 
at  the  utmost,  and  may  then  hi.'  reproduced  fur  a  shorter  time  by  the 
addition  of  conunon  salt  to  the  water. 

If  pieces  of  H(j-called  gold-|iajier  (or  silver-paiKT)  be  formed  into  a 
pile,  the  metallic  pole  of  this  jiilc  is  positive,  ttie  pni)or  p<jle  negjitive. 
(Ennan.)  [Is  the  surface  of  the  metal  which  is  turned  towards  the  j»aper 
less  Hiiiootii  that!  the  outer  surface?] 

If  eighty  zinc  plates,  4  square  inches  in  surface,  polished  on  one  mde 
and  rough  on  the  other,  be  placed  in  a  wonden  trough  at  the  distance  of 
1  or  *2  iniUimctreB  from  one  a  u<  it  her,  so  that  they  may  be  sepiiratcd  by 
thin  strata  of  air,  and  one  pole  of  this  pile  be  connected  witb  tb«  electro- 
8COIHS  the  cither  with  the  ground, — the  electroscope  reoeiveB  a  cooaideraUe 
chargi'.  The  two  surfaces  of  the  zuic,  lining  of  diSereo^  JagHieB  of 
BmiMithness,  act  like  two  metals,  and  the  film  of  atr  aoMCw  the  pboe  of 
a  liipiid.  (Watkins,  Poi/ff.  14,  38G.)    [Thia  deserves  fcwication.3 

On  filling  a  number  of  cop^>er  vessels,  1,  2,  3^  4.  5,  S^  7*  8,  with  dilate 
snlphiu-ic  acid,  connecting  I  with  2,  3  with  4,  5  with  6^  and  7  with  8,  by 
means  of  brass  wiref ,— on  the  other  hand,  2  with  3,  4  with  5,  and  6  wsn 
7,  by  means  of  bundles  of  thread  saturated  with  giH-Titrr,  and  iMatav 
only  the  vegsels  1,  3,  5,  and  7, — a  cnrrcot  is  prodaoed,  eeliciettt,  wi^ 
fourteen  vessels  are  used,  to  decomixMe  water,  if  the  dactridtjbrM^ 
ductc^l  through  that  liquid  by  mcaiia  of  hraas  wirea.  Aa  the  beeteiv^^^ 
c«M.»l,  the  current  ceases.  (Scbwd^gtT.  .V.  GM.  %  7<H.> 
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4.  Batteriea  consisting  of  one  Metal  and  two  or  thr^e  Liquids. 


If  a  number  of  U-tubes  {App.  5)  be  filled  on  ono  side  with  ooaoo- 
trated,  on  the  other  with  dilute  sulphuric  or  nitric  acid,  and  connected  \j 
arcs  of  the-  same  metal  di[ipiiig  into  the  hijuids — e.  g.^  tiii,  lead,  iron,  oop- 
iier,  or  silver — an  efficient  battery  is  obtained.  With  sulphuric  add  nA 
iron,  positive  electricity  goes  from  tlie  end  of  the  arc  wliioh  difie  itito  itit 
dilute  acid  tn  that  which  dii)s  into  the  strong  add;  the  contrary  with  tia 
am!  Kuljilmric  acid.  {F;ira(lay,  p.  400.) 

If  one  end  uf  thi;  ooppt^r  arc  be  immersed  in  sohitiou  of  liver  n( 
Bulphnr,  the  other  in  dihitc  sulphuric  acid,  thesnlutiou  «if  liver  of  gulpboi 
being  connected  with  tlie  acid  l)y  a  film  of  aolution  of  ooiumon  salt,  % 
powerful  battery  is  produced.  (H.  Davy.) 

In  a  [lile  consistiup  nf  tlie  followiup  elements— clotli  saturated  with 
water,  plate  of  metal  (lead,  ccp(>er,  or  silver  plates  answer  beet),  cloti 
sosiked  in  solution  ol  liver  of  sul|thur,  cloth  soaked  in  watvr,  plate  til' 
metal,  &c. — jvisitive  electricity  giies  throuyh  the  metallic  arc  from  the  la»l 
element  to  the  first.  (II.  Davy.) 

6.  Grove's  Oas  Battery. 

%.  Tliis  battery  consists  of  a  series  of  tubes,  containing  strips  of  pla- 
tiuum  foil  covered  with  a  pnlveruleut  dep^osit  of  the  same  metal.  The 
tubes  are  arranged  in  \nV\m  in  sepJjrate  vessels  of  dilute  sulphuric  nd<h 
and  of  each  pair,  oiie  tube  is  charged  with  oxygen  and  the  other  with 
hydrogen  gas,  in  quantities  such  as  to  allow  the  platinum  to  project  atiovi 
the  dilute  acid  into  the  atmosphere  of  gas  in  the  upper  part  of  the  tu}m. 
The  platinum  in  the  oxygen  of  one  jmLr  is  nietullically  connected  with  the 
platinum  in  the  hydrogen  of  the  nest ;  and  thus  a  series  may  f>e  ciiin| 
of  any  uumbur  of  pairs. — A  batterj'  of  four  cells  constnicted  in  tltis 
ner  will  decompose  acidulated  water ;  a  single  cell  will  deconi}.M:>sc 
of  p«jtas8ium  j  and  twenty  pairs  will  produce  very  powerful  efFects,- 
as  givmg  a  shock  which  maybe  felt  by  several  [lersons  at  once,  |h^kIi 
a  brilliant  light  between  charcoal  fXiiJits,  &c.  When  the  j)ob>8  are  ut 
nected,  a  gold-leaf  electroscopt'  connected  with  either  oi  them  is  aei 
deflected.  When  distilled  water  is  substituted  for  acidulated  water  in 
ceils  of  the  batterj-,  the  effects  are  similar  but  more  feeble. 

The  current  of  positive  electricity  proceeds,  within  thn  baftenf,  from  the 
hydrogen  tulxj  to  the  oxygen  tube  in  the  samt  pair, — 8<i  that  m  tAe  volht- 
Tiieta;  the  j>!atinum  connected  with  the  terminal  oxygen  tulx?  of  the  battcij 
Ih'couicr  the  {wsitive  poh  or  anodf  {vid.  Electrolysis,  p.  431).  lu  fact,  the 
hydrogen  in  the  battery  tnbes  is  the  oxidable  body,  acting  like  IIm-  xinc  lu 
the  ordinary  battery.     Both  gases  in  the  battery  tuln's  are  ab  '    - 

but  t!ie  hydrogen  twice  as  fast  as  the  oxygen.     It  is  essenti..  ■• 

platinum  plates  be  immersed  in  the  gases  as  well  as  in  the  hijuid :  for 
whfii  these  plates  are  made  so  short  as  not  to  project  above  the  li(juid,  no 
action  takes  place.  The  use  of  the  finely  divided  platinum  is,  of  C)i>unv, 
to  increase  the  surface  of  contact.  The  i-ationale  of  the  action  arax^re 
to  be  as  follows:  "When  the  circuit  is  completed — at  each  point  (^ 
contact  of  oxygen,  water,  and  platinum,  a  molecule  of  hydrogien  leaves  it» 
aosodated  molet'ule  of  oxyg<'n  to  unite  with  a  molecule  of  the  free  gaat 
the  oxygen  thus  thrown  off  unites  with  the  hydnig<'n  of  the  •dJ4)iniiig 
Tuolecule  of  water ;  and  so  on,—  till  the  last  molecule  of  oxygen  unites 
with  a  molecule  of  free  hvdmgen  :— f)r  we  may  convemely  aHSunio  thai 
the  action  comuien«.vs  in  llio  hydrogen  tube." 
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Mr.  Grove  likewise  tried  vaiious  other  combinations  of  gases,  viz. 
chlorine  and  hytb'ogen,  chlorine  aiid  carbonic  oxide,  oxygen  and  nitrous 
ijxide,  oxygpn  and  nitric  oxide,  liydroj^jn  and  cArhotiic  oxide,  &e. ;  bnt 
none  of  llieni  were  fomid  to  be  adapted  for  actmil  use  in  the  battery. 
Clilurine  find  hydrogen  gave  a  powL'rful  current;  hnt  tlio  rafiicl  absorption 
of  the  cidorine  soon  |>ut  a  stop  to  the  action,  ('hlorine  ajid  oxygen,  on 
the  one  ttide,  and  hydrogen  and  carbonic  oxide,  on  the  other,  were  the 
only  gases  wliieh  apjjcarcd  to  Iw  decidedly  c^i[iable  f>f  conibiutiig  electro- 
synthetically,  no  as  to  produce  a  voltaic  current.  The  other  ctinibinatitins 
produced  no  effect,  excepting  for  the  firrtt  few  minutes.  Oli-fiant  gas 
eJioiihl  iierha]w  he  excepted;  it  ap^Mi-arn  to  ^ve  a  continuouH  Imt  feebh' 
current.  Tlie  vaptnirs  of  bmmine  and  iodine,  were  they  less  8itbible,  would 
probably  also  Ix;  found  efficient  as  eleetro-uegative  gases.  (Phil.  Mag.  J. 
21,  417'j  24,  2(jS,  31G  and  422.)   f. 

I.  Electricity  developed  by  the  Vital  Process. 

Certain  fishes,  as  Torpedo  unhnaotlnia^  marmotnta^  Gtth-auii  (the  Elec- 
tric Eel),  and  Av/r^Y  (the  Electric  Ray);  Silunta  elcefn'viM;  Tetrawinn  elec- 
triam,  and  (Ti/miuiiux  flifi'tn'cus,  have  the  piwer  of  constautly  generating 
th(^  two  eh'ctricities  in  their  bodies,  in  large  quantity  and  of  cousi<l('r!d<le 
tension,  and  imparting  electric  shocks.  —  In  the  Electric  Ray,  negative 
electricity  proceeds  fri»m  tlte  under,  pnsitive  electricity'  from  the  upper  siir- 
faee  of  the  body.  The  tdectricity,  when  conducted  away  by  wires,  acts 
upon  the  magnetic  needle,  and  decomposes  liquids.  (.T.  Davy.)  Sparks 
may  also  be  obtained  from  the  electric  Ray  by  means  of  a  peculiar  ap- 
paratus. (Linari  Si  Matteucci.)  Cump.  Humboldt  (Ann.  Chim.  Plii/ii. 
11,  41;'));  J.  Davy  {Phil.  Trans.  182'J,  i'>;  also  Schw.  ')7,  17;  also  Pofjf/, 
1(J,  311  ;— PAi?  Tram.  1832,  259  ;  also  Forffj,  27,  542);  Linari  &  Matteucci 
(Ptxjff.SH,  292);  Matteucci (Pofrfir.  39, 485) ;  Linari  (Po*/^.  40,  G42);  CoUadou 
(Po^.7.  3!),  411). 

^  Faraday  has  examined  the  electric  force  of  the  Oymnotua.  He 
finds  that  the  shock  is  strongest  whou  one  hand  is  applied  to  the  head  and 
the  other  to  the  tail, — and  dimifiishes  in  (on:e  as  ifie  ixmits  nf  contact  are 
brought  closer  tttgether.  The  galvanometer  was  aft'ected,  and  iodide  •>f 
fX>taHrtiuni  drcomfMiKcd — ui  such  a  niaruier  as  to  sfiow  that  the  curivnt  pro- 
ceeds from  the  anterior  towards  the  |H)steriiir  j>art  of  the  tiKli.  The  sjiark 
was  also  obtained  by  means  of  a  magnetti-electric  coil.  When  the  shock 
was  Ktriftig,  it  was  like  that  of  a  large  Lcydeu  battery  charged  to  a  low 
degree,  or  that  of  a  voltaic  battery  of  perhajiH  one  bundled  and  foity  or 
m<)re  pairs,  of  which  the  cuvuit  is  completed  for  a  minute  only.  {Pbil. 
Tratifi.  18.39,  I,  1  ;  Phil  M,i;j.  ./.  14,  211.) 

The  spark  had  previously  l)een  obtained  fnmi  a  gymnotus  by  Fahlberg 
and  Gmsan.     {De  Gt/mnoto  eUctrico,  Tubingen,  1819.)     f . 


11.   IlTFLrEKCE  OF   ELECTRICrTY   ON   THE  ChKMICAL  NaTTTRB  OF 
PONDERABLK   ScBSTAKCES. 

1.  Comlmatiom  brought  about  by  Electrical  Injiuence. 

The  combination  of  the  two  electricities  often  causes  combustible 
bodies,  which  may  be  prcftent  at  the  place  of  combination,  to  nnite  with 
oxygen,  chlorine,  &.o. 
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To  thiB  class  of  efifents  bclonp-  the  inflamrnation  of  a  mixttm  of  OKTxa 

vnth  Iiyilrofren  or  other  combustible  gasoa,  or  of  chlorine  with  hjdni^.i"a 
by  th(^'  si?a|ili'  L-lectric  H|iark;  of  alcohol,  ether,  otiophony,  and  jT'injuivikr 
by  aW^^it  eteetrie  «lisebar)4'es  or  by  the  simjilc  spark ;  the  hiirninjir  of  vahnv 
metiils  in  the  fnriii  of  thin  wire  or  foil,  when  the  eombination  of  tUetm 
elect rieitiea  takes  plaee  within  their  siilwtjiiiee,  aud  of  cliarc^iul  bv  ttlxtrng 
electric  sh<»ck8  or  by  the  galvanic  butter)' ;  and  the  combination  of  nitiuna 
with  oxygen,  wlwii  elwtric  sparks  are  made  to  pass  fur  a  long  iam 
through  a  mixtui'c  of  those  two  gases.  Accordinif  to  Faruday,  Urge 
elect rie  sparks  pasHed  over  litmus  paper  produce  nitric  acid  sufficiuul  K> 
redden  it. 

In  most  of  these  cases,  electricity  api»ear8  to  act  by  the  developneat 
of  heat  M'hich  accompanies  the  niiion  of  its  two  kinds :  it  must,  howmr, 
act  in  a  different  manner  in  tiie  coinhiiiatiou  of  oxygen  and  nitrogi'ri,  >itirt 
this  combination  Is  not  effected  by  heat.  In  this  case,  as  in  the  inlUtn- 
mation  of  liydrogen  by  a  small  electric  spark,  the  comprf?s«liiti  whit-}) 
the  ganefl  Knstaiu  h]  the  passage  of  the  spark  must  ulso  bo  taken  'wtf> 
account. 

2.  Decompositions  produced  hy  the  action  of  Electricity. 

'WTien  the  two  electricities  arc  made  to  enter  a  compound  bodv,  citllK 
Kolidj  lii|iitd,  or  gjiseons.  which  is  not  a  perfect  conductor,  the  corupooad 
is  frequently  resolved  into  its  elements. 

A.  Decompositions  produced  by  repeated  Electric  Discharges. 

When  the  combininp:  plectricities  are  endued  with  hig^  intensity,  and 
their  union  takes  place  in  the  form  of  a  snccessinn  of  sparks  in  •  cnm- 
jxiutiil  gas  or  a  compound  solid  body,  de<'oiiijMiHition  ui  the  cioni|iuaitd 
often  lakes  plncc  Tliis  effect  may  in  some  cases  be  due  U^  the  \aj^ 
tem|ierature  produced  by  the  electric  discharge,  si!ice  many  of  these  de- 
compositions  may  also  bo  produced  by  heat;  but  this  is  not  alwa^'v  tbr 
case. 

Repeated  discharges  from  the  common  electrical  battery  decompoM' 
oxide  of  mercury  into  mercTirj'  and  oxygen  gas.  Bouuijol  docompoeed 
chloride  of  silver,  and  even  hydrate  of  potash  encloflcd  in  ^Uss  tttbeav  fcy 
repeated  electric  Hi)arks  ;  the  silver  separated  in  ten  minutes;  the  poi^- 
flium  burnt  immediately  after  scfjaration. 

Continned  discharges  from  the  common  battery,  or  even  simple  efap* 
trie  SfMirks,  partially  decomp^isc  carlxmic  acid  gas  into  oxygen  and  cw* 
iMinic  oxide,  oleliant  gas  and  light  carburett4^d  hydrogen  into  carbnii  and 
liydrogen  gas, — likewise  ])hos])hurctted  hyihogen,  sidphiUT'ttcd  hydrr>geai 
liydriodic  acid,  hydmchloric  acid,  and  aintnoniiical  gases,  into  ph«j«if)hor 
enlpliiir,  iudiue,  chloruie,  and  nitrogen,  on  the  one  ha)id;  and  hydrog«i( 
the  other. 

B.  Decompositions  produced  by  the  continuous  Discharge 

Electricity  of  small  Tension. 

If  the  two  electricities  proceeding  from  the  fKiles  of  a  voltftic  battoijv 
or  any  other  suitablo  sour«:-e,  lie  made  to  flow  through  two  gixnl  €»pdo» 
tors,  not  in  contact  with  each  other,  into  a  compound  U(|ulil,  the  tlirW 
following  cases  may  arise. 
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1.  Tlio  liquid  conducts  the  cloctnc  criiTOTit  vrry  •well,  and  g-ivcs  pas- 
sago  to  it,  without  underpniug'  any  Jilteratif>n. — This  is  the  case  with 
BuliltioiiH  of  various  tnotulH  in  itioreury,  and  with  fused  nlloys. 

2.  It  ennnik'fely  Ktnps  the  curretit,  and  suffers  no  deeompopition :  if, 
however,  the  electricity  possesses  great  iuteneity,  it  may  furoe  a  j)assago 
iiieduuiic-ally  tliri)tij,';ii  the  liijuid. 

3.  The  liipiid  sillaws  iriore  or  less  readily  the  contmual  ingress  of  the 
two  electriintifs,  hut  is  at  tfie  same  time  dcenrnposed  ;  uni3  only  in  so  far 
an  the  dec^>mp<i8itinn  p<H*s  on,  is  the  fiuHsage  of  the  current  possible, — so 
that  llie  (apparent)  conducting  power  of  ttie  liquid  is  directly  projKirtional 
til  its  deconqK),sjhility,  or  else  identical  with  it, — To  this  class  hehmg"  nil 
li(|uid«  nieii(i>iurd  on  j)ii}jre  311,  under  the  head  fi,  with  the  exception  of 
fused  protiodidc  of  mercury,  which  conducts  well  without  being  decom- 
posed. 

All  ^aees  act  as  non-conductors,  and  are  not  deconipoeihle  hy  elec- 
tricity of  Biniill  tension.  Solid  comjjound.H  likewise  rewiHt  (leetiujposititin, 
in  eiuiKequeiice  of  the  immobility  of  their  particles,  excepting  when  they 
are  in  contact  with  liquids  on  which  the  electric  current  acts. 

In  the  disvitiipoKition  of  liquids  of  class  3,  the  elements  are  always 
liberated  close  to  the  conductors  by  which  the  two  electricities  are  in- 
troduced.— and,  aw'ordiiig  to  their  different  natures,  are  either  evolved 
in  ^i»H-bubhl«*H  or  dep<>.'*ited  in  the  snlid  form,  or  dissolve  in  the  uiide- 
CfunpiHcd  portion  ni  the  litjuid  surrounding  the  cundtictnr,  or  combine 
chemically  either  with  the  conductor  or  with  other  elements  of  the  liquid, 
therel)y  giving  rise  to  Srconditn/  Products. 

The  two  good  conductors  hy  whicli  the  two  electricities  arc  intro- 
dJiced  into  the  liquid  are  the  Polnr  Conduciorsy  Polar  Wires  (they  may, 
however,  consist  of  charcoal,  gi-aphite,  or  mercuiy),  or  Faraday's  Elec- 
trodrji. — The  conductor  which  intniiluces  the  positive  electricity  is  the 
Pmitive  PoUir  Wary  Faniday's  Anode.  Srnee'a  Ou^odt,  Graham's  Zincodt  uv 
Zincvid. — The  conductor  which  introduces  the  negative  electricity  is  the 
Arf/r>(itr  PoUtr  Condiietor,  Faiiiday's  Oiiltode,  Smee's  Ht/dro(j(i<k^  Graham's 
Phttiiiode  or  Chlorold. — The  liquid  dectmi posed  by  the  electric  current  is 
Faniday's  Electroh/f&,  and  the  deconi|Kisition  prfxhiced  by  electricity, 
Jil^'rtjytli/.m. — The  elements  of  the  Uquid  evolved  on  the  pilar  conductorH 
are  Faraday's  ftin.v;  the  electro-negative  elements  evolved  at  the  pisitive 
ciuiductor  or  aiiode  being  chilled  Anions,  and  the  electro-iMisifive  olements 
evolved  at  the  negative  conductor  or  cathode,  Cations. — The  vessel  iu 
which  the  deoomiHjsition  of  the  Liquid  takes  place  is  called  the  Decompoging 
Celt. 

[Electrolytes  must  bo  regarded  as  non-conductors,  which,  though 
they  may  be  broken  through  ly  electricity  of  high  tension,  will  not  allow 
electricity  of  low  tension,  to  jia^s  quietly  througii  them.  In  the  latter 
Cit»f\  therefore,  the  two  electricities  are  unable  to  crtmbine  witli  one 
another;  but  they  may  unite  with  the  elements  of  the  liquid.  It  has  been 
assumed  (pp.  157  and  342)  that  hydrogen,  when  in  the  free  state,  '-ontains 
neg:4tiveelectricity,  and  oxygen  p<isitive  electricity  combined  with  it — and 
that  when  these  two  bodies  unite,  the  two  electricities  combine  together 
and  fnj-m  heat,  which  is  partly  set  free,  and  partly  perhaps  remains  com- 
bined with  the  water.  Now  when  negative  electricity  acts  ou  one  part 
of  tfie  water,  and  positive  electricity  on  another,  the  fonner  unites  with 
the  hydrogen  of  the  contiguous  atom  of  water,  the  latter  with  the  oxygen 
of  another  atom  of  water:  hence  hydrogen  gas  is  evolved  at  the  ciithodc, 
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and  oxygen  at  the  anode.  The  electric  fluids  entoring-  th«  Bqindvith* 
certain  tenRion,  and  in  a  cortnin  qtiantity,  their  affiuity  for  oxyfinmA 
hydrogt?n  ovorcomes  the  mutiiitl  attract  ion  V)et\veen  those  elemeDtSi  im^ 
what  in  the  same  manner  as  the  increased  affinity  of  caloric  for  rarW^ir 
jicid  at  a  red  heat  decump'r^si'S  carbouate  of  lime.  Moreover,  wltSe  m 
atom  of  liyth'ogen  is  evolvf^<l  at  the  ncpffiiive  conductor,  and  &u  atnmd 
<»xygen  at  the  positive,  n  traiisiHwition  of  atoms  (as  described  .'^t  n  :'.J:i.  ^ 
takes  place  tlirouyljout  the  row  of  atoms  of  water  lying"  bet  -<* 

|K)int«:  sii  that  the  litjm'd  in  the  middle  remains  quiet,  and  no  lu. ijZ 

of  matter  fnvni  one  electrode  to  the  other  can  Ik*  detected-  The  grvtlB, 
however,  the  distauce  between  the  jxyints  at  which  the  clectrodea  dipiSH 
the  liciuid,  and  the  greater,  therefore,  the  nimiber  of  atoms  which  mtHtlf 
transjiosed,  the  higher  will  be  the  electrical  tension  required  to  owwuut 
this  rctjistancc. 

As  with  water,  so  also  with  all  other  electrol3rte8  ; — their  cfttioa,  a 
metal  for  example,  resumes  the  negative  electricity  which  it  hadloetoi 
combining  with  the  anion,  such  as  chlorine,  bnnmine,  iodine,  &c., — «aJ 
this  agaui  resumc^s  its  j)ositive  electricity.  lu  all  these  cases,  the  nc|j»- 
tive  electricity  which  the  cation  takes  up  must  corres|Tond  to  the  poaillff 
electricity  taken  uj>  by  the  anion, — that  is  to  say,  the  required  qiuuitiliH 
of  electricity  must  be  to  one  another  in  the  proportion  in  which  tliey  cam- 
bine  to  fdrm  heat. 

When  the  oxygen  liberated  at  the  anode  is  not  evolved  us  gaa  but  <«•• 
bines  v^'ith  the  anode — e.g.,  when  the  latter  consists  of  zinc — wc  miT 
siiytfMise  that  the  negative  eleetrieity,  as  it  is  set  free,  combines  with  tbf 
positive  electricity  proceeding  from  the  battery,  and  that  in  this  caac  \hr 
decomposition  is  effected  by  the  affinity  of  negiative  electricity  f« 
hydrogen  ami  nf  zinc  for  oxygen. 

According  to  this  view,  electrolyles  are  not  really  conductors, — Uuft 
d(t  not  |>erniJt  tlie  combination  of  the  two  electricities, — no  electric  rurrcnl 
passes  through  Ihern, — but  their  elements  continually  take  np  the  elcetiTT 
fluids  as  they  enter,  and  thus  give  rise  to  a  constant  current  in  the  «/i$C' 
trodes.  The  apjutreiit  conducting  power  of  eh^ctrolytes  is  greater  tbofo* 
fore  in  proportion  to  thi*  facility  with  whieh  Jhey  are  decompoBcd,  that  it 
to  the  r.apidity  with  wliieh  thc>ir  elen>ents  take  up  the  electric  fluids  fto- 
ooeding  from  the  battery,  and  separate  fniui  the  li(piid. 

We  are  at  present  nnable  to  explain  why  |:>ure  water  resists  the  traw* 
position  of  its  atoms  with  greater  force  than  water  combined  with  acids  or 
salts.] 

[The  theory  here  given  of  decomp<isition  by  the  electric  cnment  i»  in 
the  main  the  same  as  that  of  Orotthuas.  {Ann.   Chim.  58,  G!>;  6.^  S4.\ 
That  philoBopher  likewise  suppised  thai,  in  the  decomjiosition  of  %v 
positive  electricity  cfmibiiies  with  the  oxygen  of  the  atom  of  w»t4*t 
next  to  the  |K)sitivc  wire,  and  negative  electricity  with   the  hyiii. i.:. 
the  atom  of  water  next  to  the  negative  wire,  and  that  l>etweeii  ;li.    lu 
pfdes  tn*nrtivtft!tion  of  atoms  takes  place.     The  pro<hiction  of  flatue,  which 
accompanies  the  comliination  of  oxygen  and  hydrogen  gji*,  wa«  liVrtrijw 
attributed  by  Orotthuss  to  the  combination  of  tlie  jKwitive  eh-'  '  n 

the  oxygen  with  the    negative  electricity  in  the  hydr«>gen.  r 

difference  between  his  theory  and  the  jireceding  is  that  ho  s;  \ 

linear  transp<isition  of  utoms  to  take  jwice  (something  like  tl 
sentetlin  Aj>p.  33,  instead  of  a  semieiroiilar  up  and  down  m-  i 
H.  Davy  ((hlb.  28.  .SO)  and  W.  Henry  (^h«.  Phil.   1,   ICV)  pi    . 
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Views  similar  to  that  of  GrotthuBjg.     Becquerel  (Ann,  Ckim.  Pfiys.)  sup- 
p(jsc8,  as  I  do,  tliat  the  atoinH  move  in  Hciuicircles  one  over  the  other. 
According  to  Faraday  (PAf7.  Tram.  1833,  II.,  G75 ;  also  Fogff,  32,  401), 
■who  admits  but  one  kind  of  electricity,  electrolytic  decoiuposition  is  the 
result  of  a  jxiculiar  corpuscular  action   dovelo[>cd  in  the  direction  of  the 
I      current ;  it  proceeds  from  a  force  which  is  eitlier  added  to  the  affinity  of 
^     the  bodies  present  or  determines  the  dirt-ctioa  of  that  force.     The  decom- 
^     [x)8ing  bo<3y  is  a  mass  of  acting  particles,  of  whicli  all  that  lie  in  the 
I     course  of  the  current  contribute  to  the  tenmnal  action ;  and  in  conse- 
I     quence  of  the  affinity  lx?tween  the  elemcntfi  being-  weakened  or  partially 
I      neutralized  by  the  current,  parallel  to  its  own  course  in  one  direction, 
u      and  Htreiigthened  and  assisted  in  the  otlier,  the  cutiilyiiied|Mirticles  actpur© 
a  tendency  to  move  in  different  directions.     The  particles  of  one  element 
a  cnnnot  travel  from  one  pole  to  the  other,  unless  they  meet  with  jKxrticle* 
of  an  opposed  subst^ince  b  ready  to  move  in  the  opposit-e  direction.     For, 
in  consequence   of   their  incroased  affinity   for  these  particles,  and  the 
diminution  of  their  aflinity  for  those  which  they  have  left  behind  thetii  in 
their  way,  they  are  continually  driven  forward.     Faraday,  therefore,  like» 
wise   supposes   a  transiwsition   of   particles.     According-  to  I)e  la  Rive 
{Ann,  Chita.  Pht/.t.  28,  1J)0),  the  p<isitive  electricity  which  enters  a  liquid — 
water  for  example— ct>my>ine8  with  the  hydro{j;en,  soft inj^:  the  oxyg-eii  free, 
and  carries  the  hydrogen  rapidly  along  with  it  through  the  wlmfe  mass  nf 
liquid  tilt  it  reaches  the  negative  wire  ;  it  then  enters  the  wire,  wtiile  tl»o 
hydrogen  combined  with  it  escapes  in  the  form  of  gas.     At  the  same  time, 
the  negative  electricity  proce'cding  from  the  negative  wire   hberates  hy- 
drogen from  the  eontigucnis  atom  nf  water,  curries  the  t)Xygen  of  theHiimG 
atom  over  to  the  positive  wire,  enters  the  wire,  and  seta  the  oxygen  free. 
Hence  the  oxygen  gas  evolved  at  the  positive  j>file  proceeds  from  two 
sources — half  from  tlie  positive,  and  half  from  the  negative  current ;  simi- 
larly with  respect  to  the  hydrogen  gas. — This  view  is  mainly  liable  to 
the  objection,  that  wheti  the  jndar  wires  dip  into  twodilTerent  hipiids,  tlio 
anions  of  the  liquid  which  is  in  contact  with  the  negative  wire  usually 
require  a  long-continued  action  of  the  current  to  bring  them  to  the]iositivo 
pole,  and  sometimes  do  not  reach  it  at  all ; — similarly,  with   regard  to 
the  passage  of  the  cations  of  the  other  hqnids  towards  tlie  negative  pt»le. 
For  example,  when  sohition  of  sulphate  of  inagiiesia  is  phrned  in  contact 
w^itli  the  positive  fKile  and  water  in  contact  with  the  negative  jxjle,  no 
magnesia  is  set  free  at  the  latter,  the  whole  of  that  substajice  being  pre- 
cipitated at  the  surface  of  8eparatii:>n  of  the  two  liquids.     According  to 
Biot,  a  lifjuid  placed  in  the  voltaic  circuit  divides  itself  into  two  halves, 
one  of  which  acquires  a  (lositive  the  other  a  negative  electrical  tension. 
Each  element  of  the  Uquid  then  goes  towiirtl«   that   side  which  is  cliarged 
with  the  kind  of  electricity  oppisite  to  its  own,  and  thus  decom[)osition 
ensues.     Hut  the  evolution  or  precipitation  of  the  elements  <loes  not  take 
place  throughout  the  two  halves  of  the  liquid — but,  for  the  ino«t  i»art,  solely, 
at  the  polar  wires.]  ^ 

Electrolytes,  Ions,  and  Products  of  Decomposition  in  general. 

Acconling  to  P'aiuday,  only  those  compounds  of  the  first  order  are 
directly  decomp^isible,  which  contain  one  atom  of  one  of  their  elements 
for  each  atom  of  the  other, — e.  g.,  conqwnnds  of  1  At.  hydrogen  or  metal 
with  1  At.  of  oxygen,  iodine,  bromhie,  chlorine,  fluorine,  or  ^"^nogen, 
&c.    On  the  other  hand,  boracic  acid  (BO*),  eulphuroua  j  buI- 
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pliuric  acid  (SO*),  imiide  of  sulphur,  chloride  of  phosphorus  (PCh  id 
(PCI»),  chloride  of  eulphitr  (.S*Cl),  chloridfi  of  carbnn  (C*<_1*),  bieUsnil 
of  till  (SiiCl*),  terchloride  of  arsenic  (AsCl*),  qtiintochloride  of  antimw 
(SbCl'},  aud  acetic  acid  in  the  liquid  but  anhydrous  state,  are  uoifen^ 
posible  and  act  as  non-conductors.  Oxide  of  antimony  and  tcrclUnnir 4 
antimony,  whioh  are  decoinposible  in  the  fused  state  (the  latter  boweiv 
but  sliffhtly),  form  iin  exception  not  3'et  explained  ;  so  likewL«»  does  \^ 
tiode  of  mcrcniy  (Ilgl),  which  in  the  racked  state  conducts  witboot  ti- 
forinfic  deconiiMi^sition. — All  conspoundK  wliich  are  decompotiible  wtii 
dissolved  in  water,  behave  in  the  same  inutuicr  when  fused.  (FarMltT.) 

Conntdl  found  that  when  the  electric  current  was  conducted  aft 
fused  iodic  acid  (10*),  tlie  giilvanometer  was  deflected  and  the  wi 
decomp<>8od :  he  considers  however  that  the  decomposition  may  be  it 
result  of  heat,  inasraucti  as  the  fusing  and  decomposing-  points  of  the  adi 
are  near  to  one  another.  Liquid  ammonia — p<issibly  from  containiu > 
trace  of  water — cimdui-ts  slightly  the  electricity  nf  a  battery  of  S50  put 
so  tliat  an  agitation  is  iwrceptible  in  it;  but  water  ploccsd  in  the  mm 
circuit  is  not  decomposed.  (Kemp.)— Liquid  cyanogvu  does  not  coadoDt 
the  electricity  rif  a  buttery  of  30<)  pairs  of  plates.  (Kemp.) 

Of  the  eh.mients  (and  Kuhstunces  like  anrmonium  and  cyanogen,  wtrl 
replace  them  in  their  Cdtnbinations),  some  are  always  evolved  at  lk 
negative,  others  always  at  the  i>ositive  pole,  with  whatever  other  aab> 
stance' they  may  be  combined: — hence  they  are  divided  into 
which  are  evolved  at  tin*  n«'«5-ative  electrode,  and  aiu'ons  which  are e 
at  tlie  positive  electrode. — The  Anions  arc:  OxyjL»'en,  fluorine,  chl 
bromine,  iiuUne,  and  cj-anngeu, — probably  also  sulphnr,  selenitim  lai 
sulplio-cyanogen  (For  the  acids  also  included  in  this  class  by  Fandai; 
vid.  DecoDtposilion  of  Saltfi). — The  Catiom  are  :  llydrog^'n,  th*  alk^ 
metals,  magnesium,  maufji-anese,  antimony,  bismuth  (?),  sdnc,  cadminm.  tdL 
lead,  iron,  c<d)aU,  nickel,  copper,  mercury,  silver,  gold,  platinum  (aftJ 
ammonium).  Tbe  saliliable  bases  are  also  classed  by  Fara^y  under  tUl 
head  (yvL  Decomposition  of  Sa/Li). — All  the  elements  are  prob«iblT  kuv; 
but  with  respect  to  some  among  them,  nothing  has  yet  been  detcnriadl 
by  experiment.  (Faraday.) 

It  is  necessary  to  distingiiish,  as  Faraday  dixy's,  between  dvtd  aai 
irulirect  decomixisition  by  the  electric  current.  The  fumier  andca  fnm 
the  immediate  action  of  the  current;  but  the  substances  thereby  'tfraratri 
at  the  electrodes,  may,  when  the  liijuid  is  a  mixture  of  several  rompnm^ 
exert  a  decomposing^  action  on  a  coiu]X)und  ufwn  which  the  current  dot* 
not  act  directly.  Tims,  aijueuiui  ammonia  is  resolved  by  tho  electric 
current  into  hydrogen  gas  at  the  negative  and  nitrogen  pfas  at  the  nMitm 
pole.  It  may  be  supposed  that  the  water  alone  is  tiircctly  decoaipcMv4t 
and  that  the  oxygen  sepamted  at  the  |K»sitive  pidc,  abstracts  hyarem 
front  the  nmnionia  and  sets  free  the  nitrogen  of  the  same  compoaiML  It 
cannot  however  be  positively  determined,  either  in  this  or  in  monyothrr 
cases,  wliicli  decomposition  is  direct  and  which  indirect. 


Degree  of  Decomposition. 

"Wlien  the  electric  cuiTent  continues  for  a  sufRcieut  1  ,,-., 

the  deconijKisition  is  complete.     If  the  two  <d«'<'tricitieH  1m  ;o 

two  cujw  contahiing  dilute  nolution  of  sulplmte  of  potash.  d 

by  a  moistened  wick  of  asU-stos,  wliich  is  washed  twice  a  „o 

salt  may  be  deposited  upon  it, — Ujo  powtive  oup  is  found,  nftw  tfaiw 


ELECTROLYSIS. 


435 


contain  oU  the  sulphuric  acid,  and  the  negative  cup  all  tlie  potash. 
Davy.) 

I'lace  of  Decomposition. 

The  separation  of  the  ions  takes  place  only  in  the  immediate  neighboar- 
'liooil  of  the  electrodes,  not  at  any  piul  of  the  liquid  at  a  distance  from 
them,  (II.  Davy,  De  lu  Rive.)  If  a  Boluttou  of  conanon  salt,  coloured 
with  infusion  oi  violets,  be  divided  into  three  portions  liy  two  memhranous 
pirtitiofiK — tlie  electrodea  dipping  into  tbe  outermost  divisirms — the  co- 
lour of  tlie  liquid  changes  iu  these  divisionB  alono,  not  in  the  middle. 
(De  la  Rive.) 

When  a  numhcr  of  currents,  either  equally  or  unequally  strong,  pass 
Biniultanconsly  thrrtugli  the  same  liipiid,  either  ui  ttte  same  or  in  op|)08ite 
directions,  neither  of  them  is  disturbed  by  the  rest.  (Mariaumi.) 


JSeliition  betweoi  the  QuatUitif  of  the  Electric  Current  and  tfie  Quantity  of 
U  Liquid  decomposed, 

A  battery  which  retains  a  platinum  wire^J  j  of  an  inch  thick  in  a  state 
of  constant  ignition  during  the  whole  time  occupied  by  the  decomposition, 
decomposes  one  grain  of  water  in  ;{|  minutes :  this  quantity  of  electricity 
ia  perhaps  equal  to  that  of  a  powerful  stroke  of  lightning.  (Faraday.) 

Tlie  (luiintity  of  electricity  which  enters  the  liquid  is  directly  pro- 
portional to  tlie  quantity  of  liquid  decomposed.  Ilence,  the  quantity  of 
electricity  in  the  current  may  ho  detennine<l  from  the  quantity  of  tbe 
products  of  decom|x>8ition.  (Furaday,  De  la  Rive.)  The  greater  there- 
fore the  quantity  of  electricity  which  the  apparatus  employed  yields  in  a 
g^iven  time,  the  greater  will  Ik"  the  quantity  of  liquid  decomposed,  pro- 
vided that  the  electricity  ptitssesses  the  requisite  tension.  Ilence  the 
batteries  of  Grove^  Daniell,  -Sturgeon,  Smee,  and  others,  have  the  strongest 
decouiposing  action,  the  electrical  machine  the  weakest, 

Faraday's  VoUa-etectmneter  or  VoUamfter.  Into  the  lower  part  of  a 
gradmited  tube  closed  at  the  top  {App.  28)  are  inserted,  opposite  to  each 
other,  two  platinum  wii"es,  to  the  emls  of  which  arc  attached  two  small 
plates  of  ijlatimiin  jilaced  upright  ui  the  tube.  The  open  end  of  the 
ttd>e  is  inserted  into  one  a|Xirtnre  of  a  vessel,  twfi-thirds  filled  with  dilute 
Buiphuric  acid  of  sp.  gr.  from  1*25  to  1*336,  the  other  aix>rturo  being 
closed  with  a  8topi»cr.  The  tube  is  filled  with  liqidd  by  inverting  the 
apparatus.  It  is  then  phitrd  uiiright,  and  the  two  platinum  wires  con- 
necleil  with  the  poles  of  the  battery,  in  order  to  determine  the  quantity 
of  detonating  gas  evolved  in  a  given  time.  The  decomposition  must  not 
be  .allowed  to  go  on  long  enough  to  bring  the  gas  in  c<.mtact  with  tho 
platiumn  plates,  because  these  plates  would  give  rise  to  a  slow  re-union 
of  the  gases. — In  many  li(piids,  aa  in  hydrochloric  acid,  only  hydrogen  gas 
has  to  be  collected,  in  others  only  oxygen,  as  in  the  case  of  sulpliate  of 
copjKjr,  In  such  cases,  the  voltameter  may  l»c  formed  of  a  graduated  tul>e, 
having  a  platinum  wire  inserted  mto  its  uj)[)er  and  closed  end,  tilled  with 
tho  liquid,  and  inverted  in  a  glass  vessel  into  which  the  other  electrnde  is 
introdiice«l  {App.  29).  Other  arrangements  are  likewise  described  by 
Taradiiy. 

Whether  tb»<juaulity  of  electricity  in  the  current  be  measured  by  tho 
Mtameter  or  by  tho  galvanometer  (in  proportion  to  the  tangent  of  tbd 
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dtiflection,  and  therefore  by  moans  of  Nervander's  compass)  or  bj 
electm-riiagiietic  balance,  the  proportion  obtained  is  invariably  the  ^ 
(Jacobi.) 

An  atom  of  any  one  electrolyte  requires  for  its  do<^om])OtttMa  iJt 
same  quantity  of  electricity  as  an  atom  of  any  other,  whether  the 
nation  \m}  held  together  by  strong  or  by  feeble  affinity. 

If  the  current  of  a  battery  be  passed  throug'h  the  volt-ameter,  and 
— by  means  of  a  platinum  wire  entering  at  the  upper  end  and  coavqte 
positive  electricity — into  a  glass  tube  containing-  fused  protocbioriv 
of  tin,  and  having  inserted  into  its  lower  end,  a  platinum  wire,  wW 
Bervefi  as  the  negative  electrode, — then,  for  every  9  parts  of  wiki 
deconiixtsed  in  the  voUameter,  58'53  parts  of  tin  are  deposited  QQ  tl# 
last-mentioned  wire  (the  atomic  weight  of  tin  is  59). — When  fused 
ride,  iodide,  oxide,  and  boi-ate  of  lead,  were  treated  in  a  similar 
the  quantity  of  lead  obtained  was  too  small  in  proportion  to  the 
decomposed,  viz. :  to  9  parts  of  water,  100-8,  89,  93*2  and  lOI'S  W 
whereas  the  atomic  weight  of  lead  ia  lt)3*8.  The  cause  of  the  de&deaq 
is  ])rul»ahly  that  a  portion  uf  the  precipitated  lead  was  redjssolred  by  U»' 
anion.  When  two  silver  wires  are  introduced  as  electnjdes  into  fjuo' 
chloride  uf  silver,  the  weight  of  the  foaitivc  electrode  dirainiwhrs  almua 
nxivotly  by  108  1  jtarts  nf  silver  for  every  J>  parts  of  water  d-  i  t 

the  voltameter,  whilst  that  of  the  negative  electrode  increase^  -.urn 

quantity.  Chloride  and  iodide  of  lead  treated  in  the  same  manner,  hi^ 
Iwing  used  as  the  positive  electrode,  give  101*5  and  103'5  lead  for  erwy 
9  parts  of  water.     (Famday.) 

If  the  same  current  be  made  to  pass  throngh  fused  chloride  of  Itti 
and  solution  of  Glaulx'r's  salts,  one  atnrii  uf  Glanl)er's  salt  is  decMBpOMd 
for  every  atom  of  lead  reduced.  If  instead  tif  Glauber's  salt  a  BouAt 
of  common  salt  be  used,  the  electricity  b«.^ing  cnnducted  into  it  by  OMM 
of  a  weighed  tin  plate,  then  for  every  atom  of  lead  reducod  ooe  atom  d 
soda  is  HCjiarated,  and  one  atom  of  tin  dissolved.     (DanieU.) 

If  the  current  of  a  battery  be  passed  through  a  number  of  fBetaDt 
solutions  connected  by  platinum  wires,  the  metals  are  precipitated  ia  ifcr 
ratio  of  their  atomic  weights, — e,  g.,  about  four  times  as  much  oOrer  at 
cuprKT.     (Matteucci.) 

For  B«?rz<>1iu8'8  objections  to  Faraday's  law — tliat  equal  mmlicn  rf 
atoms  of  liquid  reipiire  equal  quantities  of  ektctricity  to  decompose  tlMi^' 
BCC  Iicr:rUu9  Jahrenh.t  15,  34. 

The  quantity  of  electricity  which  an  atom  of  Uquid  requires  to  deoosh 
pose  it,  is  equal  to  the  quantity  which  an  atom  of  the  same  liquid  ovoKo 
during  its  electro-chemicikl  decomposition  by  ponderable  bodies,  (ftiv 
day.) 

[If  an  atom  of  hydrogen  has  given  up  a  quantity  of  negative  eteutoi- 
city,  denoted  by  x,  and  an  atom  of  oxygen  the  same  quantity  of  poatiTe 
electricity,  in  combining  to  form  water,  this  same  ciuantity  of  rloctxicitj 
must  bo  restored  to  each  of  them  by  the  current. — W  hen  an  atom  <d  water 
is  ficcomposed  by  an  atom  of  zinc  which  ci^jmhines  with  its  oxygen,  ar  mjti  fli 
negative  electricity  are  set  free  from  the  zinc, — while  the  atom  of  hyi^nwM 
evolved  on  the  copfXT,  takes  x  units  of  negative  electricity  in*m  it,  and 
nets  free  x  units  of  fnisitive  electricity,  which  fluw  through  the  oouaeotia( 
wire  to  the  x  units  of  negative  electricity  lil>orated  from  thf  /jnc-.] 

The  following  experiments  afford  an  approximate  deniouHtratMn  irf 
this  law;  but  the  quantity  dissolved  in  each  cell  of  thet^^ttory  in  pn»v> 
tioQ  to  9  parts  (1  At.)  of  water  in  the  voltameter,  was  always  greater  twi 
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82-2  parts  (1  At.),  on  account  of  pnrc  dicmical  action,  which  coul«l  not  bo 
alto;;ollier  prevented. 

When  a  D.'iiiteU'H  coiifttant  battery  with  amalgamated  zinc  was  used, 
B3*G  parts  of  zinc  were  dis8<L>lvctl  in  each  cell  oJ*  tlie  batter^'  for  every 
|S  jmrts  of  water  decomposed.  (Jacobi.) 

With  batteries  containing  only  one  HquJd,  the  toss  of  zinc  is  greater. 
"When  the  form  of  the  battery  and  the  nature  of  the  liquid  are  varied,  tho 
fitllowing  differences  are  obsei"ved, — F.  denoting  F'araday's  apparatufl, 
with  donblc  copper  surface  (p.  424);  Tg.  the  common  trougli-battery 
with  einglc  copper  surface  ;  QZ.  the  surface  of  the  plates  in  square  inchen), 
PZ.  the  ntiniber  of  pairs ;  1  Tr.  the  number  of  atoms  of  zJuc  diwiotvcd  in 
one  trough  during  the  decora|X)aition  of  (»ie  atom  of  water ;  and  Tot.  the 
jHimber  of  atttms  of  zinc  dissolved  in  all  tho  troughs  taken  together.  In 
lM>tii  batteries,  the  liquid  used  was  a  uuxtm-eof  SiOO laoaaures  of  water,  4-5 
of  oil  of  vitriol,  and  4  of  strong  nitric  acid. 


. 

QZ. 

PZ. 

ITr. 

Tot. 

QZ. 

PZ. 

ITr. 

Tot. 

QZ. 

PZ. 

1  Tr. 

Tot, 

\t... 

.  3 

40 

2-25 

88-4 

4 

20 

3-7 

74 

4 

10 

6-76 

67-6 

Tg.. 

.  4 

40 

3-S4 

141-6 

4 

SO 

5-5 

110 

4 

10 

16-5 

155-0 

When  different  liquids  are  used  in  a  Faraday's  battery  of  forty  pairs, 
the  quantities  of  zinc  dissolved  in  each  rvell  f<  ir  one  atom  of  water  decfjm|>OBed 
arc  aH  follows  :  With  200  lacai^urca  of  water  mixed  with  8  of  strong  nitric 
acid,  1*85  At. ;  the  same  quantity  of  -water  with  H>  nitric  acid,  1-82 ;  with 
32  nitric  acid,  2'1  At. ;  with  IG  measures  of  strong-  hydruchloric  acid,  3'8; 
•with  'J  measures  of  oil  of  vitriol,  4*6<5;  with  IG  measures  of  strong  hydro- 
chloric and  6  of  nitric  acid,  2-11  ;  with  4-b  measures  of  oil  of  vitriol 
and  4  of  nitric  acid,  2-26 ;  with  9  measures  of  uil  of  vitriol  and  4  of  nitric 
add,  2-79 ;  and  witli  9  measures  of  oil  of  vitriol  and  8  of  nitric  acid,  2-26 
At.  zinc.  Nitric  acid  is  therefore  the  best  for  this  battei-j"^ ;  and  dilferent 
degrees  of  dilution  of  this  acid  do  not  affec-t,  to  any  corisiflerable  extent, 
the  projKjftion  between  water  dccf>mpoaed  and  zinc  dissolved.  (Faraday.) 

If  the  current  froni  about  four  pairs  nf  zinc  and  ciqifier  be  made  to 
Ipass  into  a  snlution  of  nitrate  of  silver,  and  the  quantity  of  zinc  dissolved 
be  the  ftame  one  tinw)  as  another,  the  quantity  of  silver  separated  will 
likewise  be  constant, — whether  the  zinc  be  tiuickly  dissolved  by  the  use  of 
strong  and  warm  acid,  atnd  the  galvanometer  strongly  deflected  by  the 
current — or  the  zhic  be  slowly  dissolved  by  cold,  weak  acid,  and  the  galva- 
nometer feebly  deflected.  The  same  quantity  of  electridty  passes  thnnigh 
the  liquid  in  Ixitli  cases,  though  in  different  times:  hence  the  (piantity  of 
silver  precipitated  is  hkenise  the  same.  Similar  results  are  obtaiin-d  with 
a  Imltery  r>f  copper,  platinum,  and  nitric  acid. — If  a  ]>ile  a  be  eonstnioted 
of  lead  and  filatiniini  plates,  and  a  pile  h  of  ci»p[ier  and  platinum,  the 
weight  of  the  lead  plates  being  to  that  of  the  copfier  plates  in  the  ratio  of, 
the  atomic  weights  of  the  mutals,  viz.,  as  lUtl-H  :  ;32, — and  the  eurrenta 
of  both  batteries  be  pa.s8cd  through  af>lutif>n  of  nitrate  of  silver  contjuned 
in  separate  vessels, — then,  when  all  the  eofiper  and  lead  iire  dissolved,  llm 
quantities  of  silver  separated  m  the  two  vessels  will  be  found  to  be  equal, 
^atteucci.) 

Since  an  electrical  mackute  devclopes  much  less  electricity  in  a  given 
time  than  a  galvanic  battery,  even  with  very  small  plates,  it  does  not 
readily  jiroduce  decomposition,  notwithstaucUng  its  high  tension.     When 
the  machine  is  enqJoytHi  f<»r  this  purpose,  the  two  electrodes  are  co 
with  the  two  coatings  of  the  electrical  battery,  or  one  with  the 
and  the  other  with  the  rubber  or  the  ground.    The  '•xccssivc 
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the  electncity  mnst  ho  wpakencd  by  f^iving'  a  largfe  surface  to  lb«  haiUlf 
or  the  conductor,  (ir  olsc  by  passiug  the  charge  throug'h  a  wet  Htnafr,  # 
that  it  shall  no  longer  burst  violently  tlirough  the  electrolyse;  uAM 
deficiency  in  quantity  must  he  compensated  by  properly  envelofiog  ttl 
electrode,  eo  as  to  cinu-eutrate  the  electricity  at  lt«  entrance  inte  ttl 
liquid  upon  a  sraall  point. 

Wollaston  fused  tine  f:;(M  or  silver  wires  into  glass  or  seaEng-inx,  • 
that  only  the  extreme  pnints  of  the  wires  C4ime  in  contact  with  Uwfiqvi 
In  this  manner  he  decompoBcd  water,  and  sul[)hate  of  copper  andoonwt 
Bubliniate  dissolved  in  water,  hy  about  !00  tuniB  of  the  uiachiric.  Bath 
thifl  deconijx)8itinn  of  water,  iKith  oxygen  and  hy<lrog-cn  wf-r  '    ■!  t 

each  electrode — a  rcBult  f)robably  arising  from  the  grout  int<  'kt 

electric-ity,  wlneh  Wollaston  took  no  means  to  counteract. — J?u  IL  Hvj 
effected  in  two  hours,  by  Wnlluston's  metliod,  the  decomposition  of  aqneov 
solution  of  sulphate  of  potash  contaiued  in  two  cups  connected  by  ofthrDtim. 
{pomp.  Gahn.  and  llisingor,  Gilb.  27,  311.) — Uoiinijol  {Bibl.  um'v,  45,  SU) 
decomjHised  water  by  friction  electricity,  and  likewise  by  atniotipbenc 
electricity,  which  he  eauHed  to  enter  the  lii^uid  by  wires  Lalf  a  DuUunfOi 
in  diameter. 

When  only  one  wire  is  snrronnded  with  sealing-wax,  detonating'  g«i» 
evolved  only  on  this  one  iu  pure  water  ;  uone  on  the  other.  The  Btn«a|j« 
the  Bparks,  the  greater  ia  the  quantity  of  detonating  gas  evolved  ;  and  wiii 
the  Bparke  cease,  the  gas  produced  is  thntinished  to  a  mere  trace.  A  Bolih 
tion  of  sulphate  of  soda  yields  but  a  trace  of  gas,  even  when  strong  eniki 
are  jiaHBed-  Hence  the  decornpftfiition  of  water  by  machine  eloctnatjril 
tUffereiit  from  that  produced  by  galvanic  electricity.  (Faraday.) 

When  moistened  litmus  ])ap«:>r  is  connected  with  the  wine  of  the  etn- 
ductor  of  the  electrical  mflcriine,  and  moistened  turmeric  paper  with  tl» 
wire  of  the  rul>ber,  and  the  two  papers  united  by  means  of  a  thm4 
seventy  feet  long  moistened  with  sohition  of  turmeric  paper, ^-dcoo(mpo»> 
tion  takes  place  (and  therefore  reddening  of  the  litmus  paper  by  cvolrf^ 
acid  and  brftwning  of  the  turmeric  pa[ier  by  lil)emted  alkali)  a»  strcmgljic 
when  the  two  [Kipens  are  united  by  a  shorter  connection.  This  is  «Joe  W 
the  high  tcnsinn  of  the  nuichine  electricity'.  Similar  remarks  apply  to  thi 
decdinposition  of  iodide  of  {MttiWHsium.  (Fativday.) 

It  IS  not  even  necesHary  to  have  the  circuit  regiilarly  cIowkL  If 
nioistened  litmus  paper  Im?  coiuiected  with  the  conductor  (or  toiuiene 
jwiper  with  tlie  rubber)  and  likewise  with  a  string  saturated  -with  solpiMls 
of  Koda,  and  commurticating  with  the  ground  {or  thegaH-pi|)r8  <>f  Ty^ntVio^ 
or  even  if  the  pivr  connected  with  the  conductor  or  the  rub'  s*. 

lated, — doconqxisition  ensues,  in  con.«i<'<iuencc  of  the  combii,  tht 

highly  inlenfiie  electricity  of  the  machine  with  the  opjxisite  elt  "o- 

eeeding  from  the  latent  electric  fluid  (if  tlu>  earth  or  the  air.  be 

opposite  reaction  nhows  itself  at  the  part  of  the  paper  furth*  -ht 

point  at  which  the  electricity  of  the  macliinc  enters.     If  n  thri  -.ri 

with  solution  cf  sulpliate  of  soda  and  attached  to  the  conductor,  bo  brmwM 
in  contact  with  tiirnieiic  mpcr  connected  by  a  wire  with  th<>  ira^-ntfai 
under-ground,  the  i>aj>er  becomes  rt-ddined   by  the  neg  ft 

which  tii>wp  from  the  earth  into  the  hquid.     A  similar  cfl'  , .    ...itii 

upin  lituui»4  {Ht]ier  connected  iu  like  manner  with  the  nthlter.  If  a  pitei 
of  litmus  jKiperand  a  piece  of  turmeric  paper  in  the  form  of  .n  itfi.  tnaneln^ 
l»o  moi«teiu'd  with  solution  of  sulphate  of  Boda,  laid  ti-  y  uuk 

ehorteHl  sides,  and  placed  Itotweeu  conducting  wires  attad.^  ■.  v..  Um»  onn* 
dactor  and  rubber  of  the  machine — the  oada  of  the  wires  lx>ing  abont  batf 
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incL  difttaiit  from  the  poiiiis  of  the  pa]>ci's — reddening-  takes  place  at 
th  points,  but  disapixjars  ag-aiu  when  tlie  jioints  are  tTirncd  round,  so 

tf)  bring-  tlie  tiinneritr  pa]x'r  opp<)Hite  to  tlie  [lopitive  conductor.     The 

o  pappr  triangles  may  also  be  Inid  ujicm  glass,  and  conneeted  with  ihe 

iwo  eitnductors  by  Btriuga,  six  inehea  long-,  tiioiBteiied  with  solution  of 

sulphate  vi  eoda. — Solutions  of  iodide  of  jtotassium  and  acetate  uf  lead 

give  e<incBp<")nding  results.  (Faraday.) 

If  the  electricity  from  the  machine  bo  communicated  through  the 
medium  of  a  wet  tttring  or  a  wire,  or  in  Bmall  sparks,  to  an  electrode 
dijipiiig  into  a  liquid, — a  solution  of  iudide  of  potassium  mixed  with  ntarch 
is  turned  blue  by  half  u  tuni  of  the  machine— solution  of  suljiliatc  of 
sculfi  reddens  litmus  and  turmeric  paper  after  two  or  three  turna — 
hydrochloric  acid  evolves  chlorine  —  and  Bul|ihate  of  copper  deposits 
copper  on  the  silver  cathode  aftt^r  twenty  turns.  (Faraday.) 

Aipieourt  solution  of  iodide  of  potasHium,  contained  hi  a  email  U-tube, 
into  which  are  immersed  platinum  wires  procA-eding  from  t!ie  conductor 
and  the  ruliber,  acquires  a  yellow  colour  in  the  iH>sitive  arm.  (Uenrici, 
^Foffff.  47,  431.) 

L 


Influence  of  the  Inlensiti/  of  the  Current  on  Decomposition. 


£The  more  readily  the  atoms  of  a  liquid  are  tranRposcd — whether  fron* 

jtfDp}iar  nature  or  from  the  thiiuiebs  of  the  liliit  of  liquid  between  the 
^ectrodeK, — the  smaller  is  the  ti'iision  which  the  electric  current  requires 
in  order  to  penetrate  it,  the  greater  the  quantity  of  electricity  which  flows 
into  the  liquid  from  a  given  source,  and  the  greater  the  quaiility  of  liquid 
decomposed  in  a  given  time.  If,  however,  by  increasing  the  number  of 
pairs,  or  othei-wisc,  the  tension  has  been  raised  to  such  a  degrce,  that  all 
the  electindty  evolved  from  the  aource  in  a  given  time  is  able  to  enter  the 
liquid — so  that  the  galvanometer  shows  tho  same  deflection  whether  the 
circuit  be  closed  by  a  metallic  conductor  or  by  a  liquid — a  further  rise  of 
iiiteiisity  docs  not  accelerate  the  deconq>osition.] 

Aipieous  solution  of  iodide  of  potassimn  may  Ije  decomposed  by  a  cur- 
rent of  the  smallest  tension  ;  next  in  order  of  facility  come  fused  chloride 
of  silver,  fused  protot-hloride  of  til),  fused  chloride  of  lead,  fused  iodide  of 
lead,  water  containing  hydrochloric  acid,  water  containing  8ul]»huric  acid. 
That  the  eli!i>ride  of  lead  Ik  more  easily  decomjjosed  than  the  iodide, 
perhaps  arises  from  the  |)latinum  electrode  having  a  greater  affinity  for 
chlorine  than  fur  ioilint'.  (Faraday.) 

If  the  ectlfi  It  and  b  {Aj>p.  30)  contain  dilute  eulphuric  acid  of  1*25 
sp.  gr., — 0,  p,  and  i  being  plutjnum,  </  amalgamated  zinc,  and  h  a  platinum 
plate,  on  which  is  laid  a  piece  of  f>aiK?r  moistened  with  solutiim  of  iodide 
of  jxilafisium,  and  having  the  end  of  the  platinum  wire  placed  ui  contact 
with  it, — continued  decomposition  of  the  iodide  of  potassium  takes  place, 
wliilst  on  the  two  platinum  plates  immersed  in  b  not  a  single  gas-bubbla 
ajipears,  even  in  the  course  of  several  days.  Even  when  the  paper  at  h  is 
removed  and  metallic  contact  CBtablished,  not  a  particle  of  gas  is  evolved 
in  b  i  neither  does  any  evolution  of  gas  ensue,  when  the  cell  b  contains 
Aqueous  sohition  of  potash  instead  of  sulphuric  acid.  But  when  to  the 
aulphurie  acid  in  a  a  little  nitric  acid  is  added,  an  evolution  of  gas  takes 
lace  vn  the  platinum  plates  in  the  Ciiurse  i^f  twelve  seconds,  becausu  Ibo 
itric  acid  increases  the  intensity  of  the  electric  current.  (Faraday.) 

If  two  pieces  of  paper  lying  on  platinum  plates  are  placed  in  the 
rrent  of  a  sbgle  pair  of  amalgamated  zinc  and  platinum  immersed  iu 
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solution  of  common  salt, — one  of  the  papers  being^  moistened  with  tdtuSa 
of  iodide  of  potASsiiim,  the  other  with  solution  of  sulphate  of  soda,  and ti» 
latter  placed  between  moistened  litmus  and  turmeric  jyapers, — and  tk 
circuit  in  closed  by  a  bent  platinum  wire,  whose  ends  rest  on  thr  t*^ 
papers,  the  iodide  of  potaBsium  is  decomposed,  but  not  the  gtiliJuite  li 
eoda,  not  even  when  the  iodide  of  [x>tas9ium  paper  is  removed,  tmimMk 
contact  established.  If  one  of  the  platinum  plates  be  rcfJaoed  bf  • 
capeule,  in  which  nitre  or  chloride  of  lead  is  maintained  in  x  itik  d 
fusion — the  ^iric  and  platinum  plates  being  immersed  in  dilute  solpltBit 
acid — the  iodide  of  iwtafieiimn  is  decomposed,  but  not  the  nitre  oc  ikl 
chloride  of  lead :  chloride  of  silver,  on  the  contrary,  is  deocmapowd  ■ 
readily  as  the  iodide  of  potassium.  It  apjx'ai's  then  that  water,  BoWn 
of  8ul|)hatc  of  soda,  chloride  of  lead,  and  iodide  of  lead,  can  Rive  pxH^ 
to  currents  of  very  Biuall  iiiteusity  without  being-  decomposctL  (FanHbr.) 

The  cuiTcnt  from  a  single  pair  does  not  decompose  w^ater,  and  W 
produces  dctiectiou  of  the  galvanometer.  If  the  current  of  a  tea-Miff 
battery  t»e  weakened  by  tlic  interfiosition  of  a  long-  thin  ^re,  to  »iicb  t 
degree  tiiat  it  produces  the  same  dellection  as  the  ciurent  of  a  ain^  pvt, 
it  will  behave  towards  water  in  the  same  manner  as  the  latter.  IIiWi 
feeble  curreuta  pass  through  water  without  d(?compo8ing-  it.  (Jac<ibi.) 

It  i.s  tnie  that  no  gtis  is  obtained  when  a  feeble  current  is  ooadoctlJ 
into  a  watery  liquid  by  means  of  platinum  plates  :  ueverthelefla,  tki 
water  is  deoomposod — but  so  Blowly,  that  the  oxygen  and  hydrogen  gMM 
liberated  on  so  large  a  surface  [«irtly  surround  it  as  an  envelope,  Utiv* 
partly  absorbed  by  the  water.  Even  when  two  fine  platinum  yvirt*  w 
ueeil  as  electrodes,  not  a  single  bubble  of  gas  cscajies.  But  if  one  deo- 
•trade  consists  of  a  platinmn  plate,  the  other  of  a  fine  wire  of  the  siiM 
metal  covered  with  glass  up  to  its  point,  according  to  Wollaston's  methol 
(p.  438),  gas  is  evolved  at  the  p<iint  of  the  wire — though  only  for  a  alMrt 
time — when  the  water  is  subjected  to  the  action  of  a  pair  of  platfli  el 
sine  and  platinum  in  solution  of  common  salt.  The  evolution  ol  fW  ■ 
renewed,  both  when  the  surface  of  the  larger  electrode  is  increased,  aaatti^ 
wise  when  the  current  is  rover«Hl.  The  gae  appears  at  the  narrow  tkc- 
trode,  because  the  wider  surface  of  the  other  greatly  facilitates  ab«orpti«> 
When  the  electrodes  have  equal  surfaces,  the  positive  electrode  becoBW 
negati%'e,  in  conseijuenc*  of  a  film  of  oxygen  attach(^  to  it — and  tbewg^ 
tive  electrode  |Misilive,  from  a  film  of  hydrogen;  and  thus  the  fjilMiuiil 
current  is  weakened  (rirf.  Secondan/  Currents),  so  that  the  water  u 
posed  at  the  same  rate  only  as  alwtjqition  goes  on. — Sulphate  of 
may  also  be  decomjKJsed  by  the  current  of  a  pair  of  zinc  and  {jtatin 
solution  of  common  salt,  by  means  of  electrodes  of  very  unequal 
like  those  above  described.  (Andrews,  Pogij.  41,  166.) — Gn] 
{Pngff.  48,  805)  concludes  from  his  experiments,  that  water  docB 
txmduct  the  electric  current  without  undergoing  decomj>osition. 

The  current   fmm  a  single  pair  of  amalgamated  zinc  and 
plates  in  dilute  sulphuric  acid,  however  strong,  though  it  always 
poses  irwlide  of  |>otassium,  does  not  [visibly]  dcconii>08e  nndulntcd  w 
or  solution  of  nitrate  of  silver.     The  two  last-mention*  ('  u^ 

de<'omr)osed  even  when  the  plates  are  immeraed  in  dilni'  ric  I , 

hut  when  a  small  quantity  of  nitric  acid  is  added  to  the  iitiuid  is  ihi 
exciting  c-oll,  decom|KiKitiou  takes  place.  But  the  current  of  a  pair  tW^ 
zinc  and  eoj>per,  having  the  surface  of  a  square  metre  and  immcrvcd  i» 
dilute  snlfthuric  acid,  without  any  nitric  acid,  likewise  deo»mp«»u.«  lutralc 
-©f  ■ilver,—^ because  this  large  jMiir  develops  a  greater  (iuantit\  -tri- 
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city.  Hence  decoinpoBition  depends  only  on  the  qiiantity  of  electricity. 
(Matteucci.)  [That  however  the  intensity  of  the  current  exerts  great 
influence,  is  evident  from  the  fact  that  combiiration  of  a  number  of  pairs 
of  platrs  however  small  will  decompose  any  electrolyte  whatever,] 

If  the  electrodes,  dipping  into  acidulated  water,  consist  of  one  of  the 
more  oxidable  metals  inHtcud  of  platinum  [in  which  case  the  affinity  of 
those  metala  for  oiyjarcn  will  favour  the  decximposition]  then  according  to 
llcnrici,  the  current  of  a  single  pair  consisting  of  zuic,  dilute  sulphuric 
BH'id,  sulphate  of  copper,  and  crjpper,  will  dccompi>BC  water  and  evolve 
hydrogen  gas,  the  deflection  of  tlie  galvanometer  increasing  as  follows, 
with  the  quantity  of  gas  obtamed  in  an  hour : 

Flatinuin.  Silver.  Copper.  Brass.    SteeL     Tin.       Zlac. 

'  Cub.  cenlim.  Hydrogen  gM  0  03  12  19  34  36  72 

Sine  of  angle  of  deflection         OM'      0*6'      0°  8'     0°  18'    8°  26'    9°  11'    28' 17' 

I  Some  decomposition  of  water  is  doubtless  effected  with  platinum  elec- 
trodes, but  as  the  oxygen  evolved  does  not  c<jmbine  with  the  platinum, 
the  action  m  retarded.  (Uenrici.) 

To  this  head  likewise  belong  the  experiments  mentioned,  pp.  40,3. ..408. 

Thermo-electric  currents,  weak  both  in  quantity  and  intensity,  decom- 
pose nitrate  of  silver,  when  the  electrodes  coutjist  of  platinum, — but  not 
salts  of  c.op[>er,  lead,  tin,  or  zinc ;  in  these  also  electrodes  of  gold  or  silver 
produce  no  effect.  But  when  the  electrodes  consist  of  the  same  metal  as 
that  in  the  solution,  decomposition  is  easily  effected — f.  g.  nitrate  of  silver 
with  silver  electrodes,  suljihate  of  copjier  with  copper,  protochloride  of  tin 
with  tin,  acetate  of  lead  with  leaden  electrodes.  Platinum  wires  in  solu- 
tions of  platinum  produce  no  effect.  A  thermo-electric  current  is  best 
cr>uducted  into  a  solution  of  common  sail  by  means  of  wires  of  zinc,  till, 
lead,  or  iron, — leas  readily  by  copper,  with  difficulty  by  silver,  and  not  at 
all  by  platinum.  Similar  to  the  action  of  the  thermo-electric  current  is 
that  of  the  very  feeble  current  obtained  when  the  vessel  a  (App.  2)  con- 
tains jKitash,  b  nitric  acid,  and  the  asbestos  fibres  A  solution  of  common 
salt — platinum  wires  dipping  into  a  and  b,  and  In-ing  connected  with  wires 
of  the  nuitals  abovementioned.  (BecqiiereL)  [In  this  case,  the  electricity 
has  no  affinity  to  overcome — because,  for  every  [wrtiou  of  metat  Re|>arated 
at  t!ie  cathode,  an  equal  portion  combines  with  oxygen  and  acid  at  the 
anode,  so  (hat  the  electricity  has  only  to  transpose  the  atoms.] 

The  following  cxpt^riments  were  made  to  dctennine  the  proportion 
ill  which  the  decomjtosition  of  different  liquitls, — and  therefore  also  the 
quantity  of  the  current,  increases  with  the  number  of  pairs: 

In  A  a  pile  was  constructed  of  zinc  and  copper  with  solution  of  sal- 
ammoniac,  m  B  with  water  containing  nitro-sulphuric  acid,  and  in  C  with 
spring-water ;  in  D  a  battery  of  zinc  an<I  i)latinum  in  ddute  Htdphuric  acid 
was  employed. — The  liquid  in  the  decomposing  cell  was  water  =  Aq; 
or  a  Bfdution  of  1,  4,  8,  or  10  {xirts  of  sal-ammoniac  m  100  parts  of  water 
=  Sm  1,  Sm.  4,  Sm.  8,  Sm.  10;  or  saturated  solution  of  sal-ammtmiac 
=  Sm  g  •,  or  dilute  sulphuric  acid  =  S  f ;  or  a  solution  of  1  part  of  sul- 
phate of  zinc  (zinc  vitriol)  in  100  parts  of  water  =  Z  V;  or  solution  of 
iodide  of  jxitassium  =  I  K. — P  Z  denotes  the  uunil»er  of  pairs  employed. 
— The  degrt?es  under  A,  B,  C  give  the  dellection  of  the  galvanometer;  tho 
numbers  under  D  denote  the  relative  quantity  of  hydrogen  gas  evolved 
from  the  solution  of  iodide  of  potassium.  (Matteucci.) 
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In  the  following  experiments  of  Jacobi  and  Walker,  Daniell'a  constant 
battery  was  used.  The  quantity  of  detonating  gas  developed  in  the 
decomposing  cell  in  a  given  time,  according  as  a  greater  or  less  number  of 
plates  were  connected  together,  was  determined  in  measures.  In  JaoobTi 
experiments  and  in  those  of  Walker,  given  under  a  and  i,  the  deoomponng 
cell  contained  water  acidulated  with  sulphuric  add :  in  c  it  contained  dis- 
tilled water. 


Jacobi. 

Walker. 
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PZ. 

PZ. 
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b. 
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120 

1-56 
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—    8-88 

140 
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— 

116 

—    6-60 

160 

1-6 

— 

119 

—    8-25 

Influence  of  the  Chemical  Nature  of  the  Electrolyte  on  its  Decomposition. 

The  [apparent]  conducting  power  of  liquids  for  electricity — i".  e.  their 
susceptibility  of  decomposition  by  the  electric  current — is  usually  dt-ter- 
mined  by  placing  them,  together  with  a  galvanometer,  in  an'oltK-tric 
current  of  constant  tension,  and  determining  by  how  much  the  quantitvof 
the  current  (tl»e  deflection  of  the  galvanometer)  is  (hmiuishod  bvtho 
interposition  of  the  li(}uid.  The  wires  or  plates  immersed  in  the  fiquid 
must  be  at  the  same  distance  from  one  another  in  all  cases.  The  diffrr- 
encesof  conducthig  power  ajipear  to  Ik*  so  much  the  greater,  as  the  tension 
of  the  current  is  less,  and  become  less  jxTceptible  as  the  tension  increawii. 

The  small  conducting  power  of  pure  water  is  considerably  incn^asetl 
by  the  solution  of  other  substances  in  it  ([>.  311,  b). 

The  (very  weak)  thermo-electric  current  of  a  single  pair  of  bisnnith 
and  antimony  is  very  easily  conducted  by  the  aqueous  solution  of  yellow 
Hulphide  of  potassium,  by  a  mixture  of  hyiK>nitnc  acid  with  an  et]ual 
quantity  of  water,  by  red  fuming  nitric  aci<i,  and  by  a  mixture  of  one 
measure  of  oil  of  vitriol  with  two  measures  of  strong  solution  of  sulphate 
of  copixrr;  it  is  also  eonducted  tolerably  well  by  yellow  nitric  aciil,  and  bv 
a  mixture  of  two  measurt's  of  oil  of  vitriol  and  one  measure  of  wutt-r;— 
slightly  by  nitric  acid  freed  by  boiling  from  hyjx)nitric  acid,  and  by  i>il 
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of  vitrif>l ; — very  filiffhtK'  by  solution  of  potash,  and  not  at  all  by  anhy- 
drous hyixiiiitric  acid.  (Faraday.) 

The  conducting  power  of  platinum  is  2546680  times  greater  than  that 
of  a  saturated  Holution  of  sulphate  of  copper.  Assuming'  the  latter  =  1, 
that  of  a  mixture  of  1  measure  oi  solution  with  1  measure  of  water  = 
0'64,  %vith  2  moa^ures  of  water  =  ()-4'l,  with  4  mcaKures  of  water  =  0-31 ; 
that  of  a  satvirated  sohitiou  of  sdlphate  of  zinc  =  0-417;  that  of  a  mixture 
of  water  with  jg^^g  nitric  acid  =  0015  ;  and  that  of  pure  water  0*0025. 
(Pouillet.) 

Tlje  current  of  a  40-pair  battery  passed  tbrouffh  pure  water  givea  only 
-^  as  much  detonatinif  gas  in  a  given  time,  as  when  the  docompoAiug  cell 
contains  dilute  sulphuric  acid.  (Faraday.)-— Water  becomee  much  more 
eaKily  decomposible  when  mixed  with  sulphuric  acid  than  wLeu  saturated 
with  common  wait.  (Ifcnnci.) 

The  current  of  a  pair  of  zine  and  copper  plates  in  saturated  solution  of 
common  salt,  coiiducted  by  means  of  two  gilt  brass  plates  into  the  under- 
mentioned liquids  (all  the  sohitions  are  saturated)  produces  the  following 
deflections  of  an  interposed  galvanometer  :  Pure  water  ^°  ;  acetate  of  lead, 
3... 4°;  sulphate  of  potasli  or  soda,  nitre,  chloride  of  calcium,  or  chloride 
of  lead,  5°  ;  clilorate  of  ixitash,  7° ;  borax,  chlorifle  of  manganese,  tartrate 
of  potash,  tartar  emetic,  acetate  of  soda,  or  henzoate  of  pfjtash,  10^  ;  cjir- 
bonato  of  potash  or  soda,  11"  ;  green  vilriol,  nitrate  of  lead,  or  acetate  of 
potash,  12°  ;  oxalate  of  pi.itash,  13' ;  aqueous  ammonia  of  sp.  gr.  0'980, 
or  tartaric  acid,  IS** ;  protochloride  of  tin,  10.  ..2U°;  alum  or  sulphate  of 
copper,  20°;  Bul[>!iate  of  zinc,  22";  dilute  phosphoric  acid,  23";  strong 
vinegar  25"  ;  mixture  of  1  part  oil  of  vitriol  and  4  parts  water,  28°;  nitrate 
of  niercuiy,  30°  ;  Enghah  oil  of  %Jtriol,  30.  ..32°  ;  nitrate  of  silver  (solu- 
tion not  ^uite  saturated),  35"  ;  dilute  nitric  acid,  sal-ammoniac,  or  scsqiii- 
chloride  of  iron,  42°;  bichloride  of  platinum,  45°;  dilute  hydrochloric  acid, 
f)0°.— When  a  large  pair  «>f  zinc  and  copper  plates  is  excited  by  solution 
of  common  salt,  the  deflections  are  stronger,  but  the  differences  with 
ro8|>ect  to  the  various  liquids  smaller.  (Pfaff,  Schw.  53,  258.) 

The  current  of  the  same  battery  passed  through  various  acids  of 
different  degrees  of  concentration,  produces,  according  to  Mattcucci,  the 
following  deflections  : 

Sp.  Gr.  Oalr.  Bp.  Or.  G«lr.  Sp.  Gr.  Oalv. 

Snlplmric  acid   ISSO          85«  1022  86"          lOlO  30' 

Nitricaeid I'lSO           67  1-029  47            I'OIS  87 

Hydrochloric  «cid»    1-260           68  1027  60            1-OlS  67 

If  the  deflection  produced  by  1  part  of  sal-ammoniac  in  100  parts  of 
water  jimounts  to  12°,  it  will  Ixj  22"  with  2  parts  of  sal-ammoniac,  26" 
with  3  parts,  and  27°  with  4  parts. — If  1  part  of  sulphate  of  zinc  in  100  of 
water  gives  3*  deflection,  2  parts  of  the  same  salt  will  give  5°, —  3  parts, 
6'6, — 4  parts,  8\ — 5  parts,  13°, — C,  pnrts,  17^, — 7  [larts,  23", — and  8  parts, 
24°.  If  a  solution  of  1  part  of  sal-annnoniac  in  100  water  gives  a  deflec- 
tion of  12%  am]  a  solution  of  1  part  of  nitre  in  100  water,  a  deflection 
of  8°,  a  solution  of  sal-ammoniac  and  1  nitre  in  100  water,  will  pnxluce  a 
deflection  of  12°  -h  8"  =  20".  The  same  simple  addition  takes  place  with 
other  aqueous  and  alcohoUc   eolutions.    llence,  when   1   part  of  sal- 

*  Since  hydrochloric  acid  never  has  the  Bp,  gr.  1*26,  it  ig  probable  that  ib* 
annexed  to  hydrochloric  acid  really  belong  to   tiiLric  acid,  and  vice  ttn 
Ckim.  Phi<».  ee,  243.) 
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ammoniac  is  added  to  a  cold  saturated  solation  of  nitre,  ivhich  by  it>ell 
proilucos  a  delkction  of  21°,  the  deflection  increaflos  to  26";  t>y  tin 
furthor  addition  of  1  part  of  sulphate  of  Clipper,  it  Ls  raised  to  5(1*. 
(Mattoucci.) 

A  constant  battory  of  eight  pairs  of  amalgumatcd  zinc,  coj^r,  aad 
dihite  nitro-sulphurix;  acid,  gives  the  following  deflections,  all  the  snlatircH 
containing  1  part  of  salt  in  lUU  parts  of  water:  Pure  water,  ^'';  greet 
vitriol,  acetate  of  lead,  or  acetate  of  niorpliia,  2° ;  iodide  of  poUUMtOD  or 
sulphate  of  copper,  3";  Mearboiiatc  of  potaHli,  nitre  or  chloride  of  cakam, 
5";  biearlN-inate  of  soda  or  nitrate  of  silver,  fi°;  carbonate  of  ammonia,  f; 
carbonate  of  jM)tashor  soda,  8^;  common  salt^  10";  and  sal-amxDouittc,  If; 
(Matteucci.) 

The  undermentioned  salts  give  (lie  following  deflections,  accotxiiDgw 
they  are  iiitrodueod  into  the  current  in  a  state  of  a«|ueous  fneion  or  it 
saturated  solution  :  Acx?tate  of  lead,  16°  and  16";  chloride  of  calciam,  45' 
and  44°  ;  a!mn,  42"  and  42"  ;  sulphate  of  zinc,  43°  and  42°.  Uenoe,  tie 
deflection  is  either  the  same  in  both  cases,  or  rather  stronger  when  thi 
salt  is  ilk  the  fused  state, — If  a  saturated  solution  of  nitre  gives  80",  uA 
of  chloride  of  potash  38'',  fused  nitre  will  give  a  deflection  increasing  from 
42°  to  65'^, — and  fused  ehloi-ate  of  potash,  from  40"  to  47°; — when  suW 
matter  begins  to  separate,  the  deflection  increases  to  55°.  (Matteucci,) 

A  pan-  of  zinc  and  c<i|.pcr  (ilates  excited  by  water  flonds  a  stroni^tT 
cuiTcnt  by  means  of  copp«'r-electr(Hles  through  dilute  sulphuric  acitl,  tkH 
a  similar  pair  excited  by  dilute  sulphuiic  acid  sends  through  water. 

Inflvtnce  of  the  Temperahire  and  Compression  of  the  ElectrohfU  «fpo« 

Decomposition, 

Hot  water  is  more  abundantly  decomposed  by  the  electric  cunmil 
than  cold  water.  (Gay-Lussac  &  Thenard.)  —The  deflection  of  the  galvv 
nomctor  increases  considerably  as  the  electrolyte  is  heated ;  but  thk 
increase  reaches  its  limit  at  a  certain  temperature,  which  is  so  muck  tin 
higher  as  the  conducting  power  of  the  electrolyte  is  less.  On  Hubaeqaeot 
cooling,  tl>e  liquifl  still  retains  a  little  of  the  increased  oonductinc-  poinf 
wbich  it  had  acquired  by  heating.  (Matteucci.) — In  a  larger  volnmc  ol 
water  exceeding  an  inch  in  diameter,  the  influence  of  heat  is  Imperoep^ 
tible.  In  dilute  sul|)huric  acid,  a  very  fwhle  current  of  M"  is  iiicmiBed  i) 
30°  by  igniting  both  the  electrodes,  or  only  the  negative  nni  .  ii  htmiM 
heating  the  positive  electrode  alone  has  no  effect  whatever.  Simyafly 
with  nitri<;  acid,  the  defltt^tion  is  increased  from  12°  to  80"  by  hentny 
the  neg;itive  electrode.  (De  la  Rive.)  [The  appUcation  of  heal  to  tk» 
negative  electrode  probably  liberates  the  bubbles  of  hydrogen  gas  wlnck 
cover  that  elcctrwle  in  large  i]uaijtitics,  and  hinder  tl>e  transfervnoe  ti 
electricity.] — The  deflection  of  the  needle  is  likewise  increased  by  he*tiM(f 
the  positive  electrode.  (Faraday.) — Heating  the  fiositive  electnxlc  in- 
creases the  current  only  when  the  temiierattire  is  raised  to  the  boffiv 
point  of  the  liquid — the  heat  then  acting  by  mechanical  agitation  iMd 
removing  from  the  negative  electrode  the  substances  (gan-babhln) 
which  have  been  carried  towards  it ;  hence  the  deflection  is  Hlmwwi 
increased  by  shaking  the  negative  electrode.  (Vor^sehnan  do  Herr,  Awp- 
49,  lOD.) 

The  decomprwition  of  water  gcK's  on  in  a  sealed  glass  tul>e  coutAiaiw 
two  platinum  wires,  even  when  the  water  is  subjected  by  the  arcumnlatM 
detonating  gas  to  a  pressure  of  elcvcD  atmospheres,  the  deflectioD  of  tlM 
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galvanometer  even  increasing  a  little  under  these  circumRtances.  (Jacobi.) 
The  development  of  gas  still  goes  on  wlien  the  water  is  subjected  to  a 
prcBHure  of  150  atmospheres,  till  at  length  the  tube  burstB.  (Dcgen,  Fogg. 
38,  4o4.) 

Infiuence  of  the  Relative  Volume  of  the  Electrolyte  on  Decomposition. 

When  the  current  from  two  pairs  of  zinc  and  platinum  excited  by 
dilute  sulphuric  acid,  is  conducted  by  rneana  of  two  platiumn  plates  into 
dilute  Bulphuric  acid,  the  streiig^th  of  the  current  is  the  same,  wht-ther  the 
platinum  plates  are  at  the  distance  of  six  inches  from  nne  another  or  sepa- 
rated only  by  the  thickness  of  a  sheet  of  paper.  (Faraday.)  [With  pure 
"water,  a  difference  would  probably  be  found.] 

The  thinner  the  film  of  liquid  wliicli  the  current  has  to  traverse,  the 
greater  is  the  deflection  produced.  The  increase  of  deflection  caused  l»y 
diminishing  the  thickness  of  the  liquid,  ia.  the  more  considerable  as  the 
conducting  power  of  the  limiid  is  less  [i. «.,  as  the  resistance  to  the  trans- 
p>Hitiou  of  atoms  is  greater].     WTien,  however,  by  enlarging  the  platinum 

{)lates,  the  current  has  t»oen  raised  to  its  maximum,  the  deflection  is  no 
onger  increased  by  bringing  tlie  electrodes  nearer  together.  (Matteucci.) 
The  distance  between  the  electrodes  remauiing  tlie  same,  the  deflec- 
tion is  augmented  up  to  a  certahi  |Kunt  by  increasing  the  height  anil 
breadth  of  the  li(]uid  ;  but  when  the  increase  in  dimension  is  carried 
further,  the  deflection  diiniuisbce.  Tlie  deflection  is  stronger  when  the 
positive  electricity  enters  by  the  narrower  jiart  of  the  liquid,  and  the 
negative  by  the  wider,  than  in  the  contrary  case.     (Matteucci.) 

Influence  of  the  Chemical  Nature  of  the  Electrodes  on  Decomposition. 

The  greater  the  tendency  of  the  electrodes  to  combine  with  those 
etementa  of  the  liqaid  which  are  set  free  upon  them,  the  more  easily  does 
the  decomposition  take  place. 

If  the  quantity  of  electricity  in  the  current  of  a  single  pair  of  zinc  and 
copper  plates  in  dilute  sul[»huric  acid  be  equal  to  1000  when  the  circuit  ia 
closed  by  good  metallic  conductors,  it  will  amount  to  the  following  quan- 
tities when  the  current  is  conducted  by  the  mider-mentioned  electrodes 
into  the  following  liquids :  zinc  plates  in  water,  0*8 ;  in  fuming  oU  of 
vitriol,  64'7 ;  in  a  mixtiutj  of  1  part  of  sulphuric  acid  and  3  parts  water, 
85"1 ; — platinum  electrodes  in  hydrochloric  acid,  2*6;  in  nitric  atud,  17'7; 
in  aqua  regia,  338'3-  Hence  it  appears  that  those  liquids  which  do  not  act 
chemically  on  the  electrodes  offer  the  greatest  resistance.     (Fechncr.) 

If  tlie  cups  a,  b  {App.  2),  contain  tUlutc  sulphuric  acid,  o  consisting  of 
Einc,  p  of  copper,  and  g  h  i  of  one  of  the  following  metals,  no  liydri.tgeu 
gas  is  evolved  at  the  end  p  when  g  h  i  consists  of  jdatinum,  and  itnly  a 
trace  when  it  is  formed  of  gt>ld ;  next  follows  silver,  then  cop|)er,  (hen 
tin,  then  iron,  and  lastly  zinc,  which  yields  most  of  ail.  If,  however,  the 
two  Clips  contain  amrnipiiiu,  the  deflection  is  stronger  when  g  h  i  consists  of 
copper  than  when  it  is  formed  f»f  iron.     (Do  la  Kivc.) 

When  the  positive  electricity  of  a  pair  of  zinc  and  jilatinura  is  con- 
ducted by  zinc  into  dilute  sulplniric  acid,  the  ouatitity  of  the  current  is  the 
same  as  when  the  circuit  is  metallically  closed  without  the  interposition  of 
B  liquid.    (FttJ-aday ;  vid.  41 1 .) 
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Infiuence  of  the  Surface  of  the  Electi-odes  upon  DecompofiHon.. 

Electrodes  of  small  surface  evolve  as  much  detonating'  gas  from  wwk- 
lated  water  in  a  given  time  as  those  of  a  larger  surface.  (FsFMkjJ 
Wlien,  however,  the  current  is  strong-,  the  dccompoBition  diminiahaa  f 
the  electrode  be  too  small  to  allow  free  passa^i^c  to  the  curreot ;  tluis,  t 
Danieirs  battery  of  ten  psurn  yields  2*7  cubic  inches  of  detonating  p^ 
whether  the  electrodes  are  fnnncd  of  broad  plates  of  ulatinum,  or  of  Win'4. 
but  if  the  latttjr  are  covered  with  resin  to  witlun  a  quarter  of  an  ijiHf/ 
their  ptiintHi,  the  quantity  t^f  gas  per  minute  is  reduced  to  J 
ftod  when  they  are  coated  ?iji  to  tlicir  pointK,  it  is  only  O'X 
this  last  case,  the  gas  is  dri%-en  into  the  liquid  with  some"  force.  (iJaajiil 
— With  currents  of  smalt  quantity,  on  the  contrary,  (ho  i1oroinr«:*t«tjr)oi3 
increased  by  diminishhig  the  nizc  of  the  electrodes,    and  ;  •■ODOet- 

trating  the  current.     (Wollaeton,  Matleucci.)     The  detli-.    ;  likewMI 

stronger  when  the  positive  electricity  enters  by  a  nan'owor,  and  the  ncj> 
tive  electricity  by  a  wider  eleetn.Kle,  than  in  the  contrary  case  rbe<!aust» 
greater  quantity  of  gas  is  evolved  at  the  negative  eloctrodcj.  (Mattcacd| 

Decomposition  of  Individual  Compounds. 

Nicholson  and  Carlisle  discovered  the  decomposition  of  water ;  TTwnir 
&  Berzclias  that  of  salts  \  Sir  11,  Davy  that  of  the  alkalis. 


W<Ue»', 

The  electric  current  acts  more  readily  on  water  containo<I  In  a  Iniadk 
of  astx^stos  ttbres  than  on  a  column  of  that  hquid  of  equal  Iciistll  Wid 
thickness  in  a  U-tube.     (fl.  Havy.) 

Many  substances  which  are  soluble  in  water  favour  its  decoapOfltlM 
(p.  443);  but  with  a  powerful  battery,  the  same  quantity  of  *lirtffli«tW|f 
gas  is  obtained  in  a  given  time,  whether  the  water  is  mixed  with  sbnt 
or  a  small  quantity  of  sulphuric  acid,  or  holds  in  soljit-iuu,  potasU,  ao(K 
carbonate  of  potash,  sulphate  uf  ammonia  with  excess  of  aminonia,  ur  nri- 
phate  of  soda.  Dilute  Hulphuric  add  of  sp.  gr.  from  l'2i>  to  1*336  is  baft 
adapted  for  the  purpose.  Acid  of  I  -495  sp.  gr.  yields  a  somewhat  grvattf 
quantity  of  gas,  because  it  retains  less  oxygon  gas  in  sohitioiu  Wilk 
acid  of  still  greater  strength,  e.  g.  2  measures  of  oil  of  vitriol  to  one  xua^ 
sure  of  water,  only  0'57  volume  of  oxygen  gas  is  obtjiincd  for  c*«y  J 
A'ohnnes  of  hydrogen, — poseiblj*  l)ecaU8e  the  iiredispising  afliuitv  erf  thf 
sulphuric  acid  favours  the  production  of  peroxi<le  of  hydrogen.  (FaniJay.) 
Ciinnell  likewise  obtained  with  these  difTerent  solutions,  and  also  'witii  IJhI 
of  boracic  aci<l,  ctmstantly  the  same  quantity  of  detonating  gns. 

When  water  is  divided  by  a  membrane  ijito  tw)j  porti^ma,  and  uoaof 
the  electrodes  t)f  a  jKiwerful  batterj'  immersed  in  each  of  tltetn,  tlw  vrwi/tt 

rises  in  the  negative  and  sinks  in  the  jKtsitive  division.     (Porret,) Tbif 

effect  is  exhibited  by  distilled  water  and  rain-water,  which  are  bad  ooo* 
dnetors,  but  not  by  saline  solutions, — and  is  due  to  the  rcsiHtsuioe  wkdek 
the  water  op|H^ses  to  the  fta«sage  of  jjositive  electricity.  (Me  la  ItivoiV— 
On  the  contraiy  :  This  effect  is  seen  only  in  water  wK  !«  in  ^S^. 

tion  some  salt,  by  thu  di'ConjiiOHiti<u)  uf  which,  idkaU  «  u  (he  BCM> 

tive  and  acid  in  tlic  positive  divisioa ;  and  the  rise  of  the  water  is  not  a 
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Urecl  consequence  of  the  action  of  the  electric  current,  but  is  produced 
[by  endosmoee.  (Dutrochet,  Pogg.  28,  36;  comp.  Sehweig-gcr,  ^cA«7,  16, 
'  J83.) 

Water  not  freed  from  atmospheric  air  yields,  in  consequence  of  the 
'nitrogen  which  it  contains,  nitric  acid  in  the  positive  gold  cup,  and  ammonia 
iji  the  negative  gold  cup  counected  with  the  fonner  by  means  of  asbestos, 
—the  nitrogen  combining  with  oxygen  at  the  an*jde  and  with  hydrogen 
at  the  cathode:  the  quantity  of  the  nitric  acid  continuaiiy  iuereases,  but 
that  of  the  ammonia  soon  reaches  a  maximum.  If  tlie  receiver  under 
which  the  gold  cups  are  placed  be  exhauHted  of  air,  then  tilled  with 
hydrogen,  and  again  exhausted,  neither  acid  nor  ammonia  appears  in  the 
water.     (H.  Davy.) 

WTien  platinum  electrodes  are  used,  somewhat  less  than  one  measure 
of  oxygen  gas  is  obtained  for  every  two  measures  of  hydrogen  :  for  the 
former  is  tnr»re  readily  absorbed  by  watei*, — jmrtly  l>ecaus«  it  is  evolved  in 
smaller  bubbles,  partly  because  water  is  essentially  capable  of  absorbing 
oxygen  gas  in  greater  quantity  than  hydrogen ;  perhaps  also  a  snuiU 
quantity  of  peroxide  of  hydrogen  is  formed  at  the  anode.  The  detonat- 
ing gas  likewise  contains  nitrogen,  which  was  previously  dissolved  in  the 
water,  (Faraday.) — Just  at  the  commencement  of  the  deeonqnr»»ition,  the 
detonating  gas  contains  less  than  its  noiTnid  tpiantity  of  oxygen,  because 
the  positive  platinum  wire  oxidates  on  tlie  surface :  the  latter  p<irtionB  of 
detonating  gi»s  contidn  almost  cxjictly  the  pro|.i<'r  quantity  <if  oxygen.  If 
both  the  platinum  plates  have  been  previouwly  cleansed  (by  rubbing  them 
while  hot  with  Iiydrate  of  potash,  dipping  them  in  oil  of  vitriol,  and 
washing  with  water  out  of  contact  of  air),  the  negative  plate  inunediately 
evolves  gas,  the  jK.»sitive  plate  not  till  after  some  few  seconds,  because  the 
first  i>ortions  of  oxygen  are  retaitit^  by  the  platinum :  if,  on  the  other 
hand,  the  platmum  plates  have  been  ex{>osed  to  the  air  for  some  time,  gas 
is  immediately  disengaged  on  the  positive  plate,  but  often  not  till  after 
twenty  seconds  on  the  negative  plate. — t^'cause  the  lirst  iK>rtions  of 
hydrogen  set  free  have  to  reduce  the  nxiiie  of  platinuui.     (De  la  Rive.) 

Clean  platinum  wire  used  in  rapid  alternation  as  p>sitive  and  nega- 
tive electrode  becomes  covered  with  a  black  powder,  consisting  r>f  finely 
di\nded  metallic  platinum;  for  the  metat,  in  conducting  positive  elec- 
tricity, takes  up  a  trace  of  the  liberated  oxygen  and  forms  an  oxide, 
which,  when  afterwards  used  as  a  cathode,  is  reduced  by  the  hydrogen  to 
the  state  of  liuely  divided  platinum. — If  the  electrode  a  consists  of  a  thin 
platinum  wire,  antl  the  electrode  b  of  a  broad  plate  of  the  same  metal, 
the  volumes  of  oxygen  and  hydrogen  gas  evolved  from  water  acidulated 
with  sulphuric  acid  are  in  the  exact  protKntion  of  1  :  2,  when  a  is  used 
as  the  anode, — because  the  small  surface  of  the  wire  can  take  up  but  a 
trifling  quantity  of  oxygen;  but  when  b  is  used  as  anode,  the  ipiautity  of 
oxygen  is  deficient;  and  if  h  be  then  |>ul  in  the  place  of  the  CJithude,  the 
quantity  of  hydrogen  appears  deficient,  because  a  portion  of  that  element 
is  employed  in  reducing  the  oxide  previously  fomied  (ui  b.  Hence,  when 
platinum  which  has  been  used  as  anode  is  afterwards  made  to  conduct 
negative  electricity,  some  seconds  elapse  before  hydrogen  gas  appears  on 
its  surface,  because  the  iirst  portions  enter  into  combination  with  the 
oxygen  of  the  oxide  ()f  platinum.  This  jx>%ver  possessed  by  platinum  of 
fixing  oxygen  on  its  surface  explains  the  fact  announced  by  Peclet,  viz., 
that  platinum  may  be  positive  with  regard  to  gold.  Gold  wire  used  as 
the  anode  in  dilute  sulphuric  acid  acquires  a  reddish  tinge  from  oxidation, 
— and,  when  the  poles  arc  changed,  becomes  pulverulent  on  the  surface,  in 
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consequence  of  reduction  of  the  gold  previously  oxidized.  (De  U  Bb% 
Fogg.  46,  489  ;  and  mnrf.  fully  m  Pogg.  54,  378.) 

To  subject  a  liqui<l  to  the  at;tiou  of  rapidlv  altematioff  contBt^ 
Clarke's  magneto-electric  apparatus  may  be  used  (or  DauielTs  coobIiiI 
batti^ry  with  a  CommttUilor).  To  determine  the  quantity  of  the  CQRM^ 
a  BregTiet's  themiometor  may  be  uitcrposed  in  the  circuit.  The  leoitkl 
current  is  retarded  by  the  liquid  and  electrodes,  the  hig-hcr  will  he  thi 
temperature,  =  T.  The  liquids  experimented  upf)u  are  ;  1  measure. of  d 
of  vitriol  to  9  racasures  of  water  =:  V,  and  1  measure  of  conceatntal 
nitric  acid  to  9  measures  of  water  =  N.  The  quantity  of  inlKod  bj<faaf 
and  oxygen  gases  evolved  in  the  constant  interval  of  five  minutes  »  G. 
The  residue  obtained  after  the  successive  detonation  of  all  tlie  serml 
quantities  of  gas  =  R.     The  results  are  as  follows  : 

Two  platinum  wires  in  N  give,  at  the  beginning,  1-5  cub.  in.  0(tfl} 
minutes),  T  =  20" ;  after  20  minutes,  0'7  cub.  in.  G  (in  5  milHltw)! 
T  =  33'^;  after  40  minutes,  only  U'Oo  cuh.  in.  G,  and  soon  aiftei'wawK  J 
evolution  of  gas  ceases ;  T  =  35''.  The  wires  become  completely  oorprri 
with  black  i)0wder,  consisting  of  finely  divided  platinum.      The  wbdi 

Suantity  of  gas  obtained  amounts  to  7  cubic  incbee  ;  and  after  exploBOB 
leie  remains  0'fl5  cub.  in.  R,  which  is  a  mixture  of  oxyg«n  and  uitrogtt: 
the  hitter  probably  arises  from  air  contained  in  the  water, — the  fonatf 
from  the  nitric  acid  having  exerted  a  slight  oxidating  action  on  the}iifr 
tinum«  and  hydrogen  having  been  expended  in  the  reduction  ol  the  osiAi 
thus  formed. 

Platiuum  wires  in  V :  In  the  first  5  minutes,  1-4  cub.  in.  O  ;  af tor  M 
minutes,  0*5  ;  T  —  50°.  After  explosion,  there  remains  0*3  cub.  in.  & 
consisting  of  0*15  cub.  in.  of  hydrogen  gits  and  0'15  cub.  iu.  of  nitro^C^ 
The  excess  of  hydrogen  is  due  to  the  oxidation  of  the  platinum. 

Gold  wii-es  iu  N  :  In  the  ilrst  5  ruiuutcs,  1-5  cub.  in.  G  ;  T  =  21 ;  »ftW 
40  inimites,  0'9  cub.  in.  U ;  T  =  27'.  When  the  experiment  is  conlinwJ 
for  a  longer  time,  tlie  evolution  of  gas  no  longer  dintiuishoR,  arni  T  IK' 
longer  increases.  R  amounts  to  0-4  cubic  inches,  consisting-  of  0*2  oxvjrv* 
gas  and  0-2  nitrogen  ;  when  the  experiment  is  couthiucd,  R  dcM  M 
increase  any  further. 

Gold  wires  in  Vt  At  first,  1-1  cub.  in.  G;  after  40  minutes;  abiKMt# 
G;  T  =  44°;  0*22  cub.  in.  K  consisting  of  GIG  hydrogen  attdOfI 
nitrogen. 

Silver  wires  in  V  give  no  port^eptiWe  evolution  of  gas;  T  =  50*. 

Copper  wires  in  V  evolve  gas  at  intervals,  and  gcneriklly  in  rttt 
small  quantity,  probably  nothing  but  hydrcigen  ;  T  varies  froMi*43*  tolC", 
occordtng  as*  ninro  or  less  gas  is  evolved.  The  wires  oxidate  fdigiit^ 
and  acquire  a  pulverulent  surface,  wliik-  a  pc>rtioii  of  oxide  of  Ouumt 
dissolves  in  the  acid.  Gold  and  silver  wires  likewise  acquire  pulvennost 
surfaces. 

Lead  wires  iu  Y :  In  the  Grst  five  minutes ;  0*5  cab.  in.  hydrogen  gM^ 
T  varying  from  5°  to  6"".  The  liquid  is  rendered  turbid  by  a  white  powdvr 
[sulphate  of  lead  ?],  with  which  also  the  atiode  becomes  covered  and  COB* 
sequeutly  iHoIuted ;  hence  the  small  rise  of  tenjperature. 

Iron  wires  which  evolve  0*35  hydrogen  gas  from  V  without  the  aid  ol 
dectricity,  give  in  the  electric  current  10  cub.  in. ;  T  =  Sii^. 

Caitmium  wires  in  V  give  scarcely  any  ga«  without  the  aid  of  the 
Cttm'Ut,  and  no  uiuro  when  placed  in  the  current. 

Zii»c  wires  give  about  the  same  quantity  of  gaa  with  and  wltliooi  tW 
current. 
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vith  the  former,  six  immersions  are  necessary,  and  the  coating  of  platmum 
is  ratlier  ffivy  than  white.  C«ipjH,ir  which  lias  been  platinized  is  aftcr- 
■wards  well  adapted  for  g^ilditig.  This  may  he  done  with  ohjortw  ohtained 
by  the  eleetru-lyjx?  process, — a  cupper  wire  being  fastened  t(>  the  centre 
of  the  hinder  Kiirface,  that  Bnrfaee  cuvered  with  wax,  the  front  surface 
freed  frum  every  trace  (if  dxide  Ity  ruhhiiijr  witli  dilute  hydroeljloric  acrid 
and  fine  washed  sand, — then,  by  the  preeeding  method,  first  platinized  and 
afterwards  gilt.  Any  part  on  which  the  oxide  still  reniaiuH  will  nut  Ix; 
coated,  and  nnist  afterAvards  l>e  cleaned  with  sand  and  aciil.  (R.  BottgxT.) 
For  platinizing  Ijy  the  current  of  a  six-pair  Daniell's  buttery,  it  is  best 
to  use  a  solution  of  clJoride  of  platinum  and  jMitassiuin  in  potasli.  Tho 
o|icnitinn  goes  on  as  quickly  as  gilding.  But  from  a  solutinn  of  1  part  of 
cyanide  of  platinum  and  10  parts  of  yellow  ferroeyanide  of  potassiutn  in 
100  parts  of  water,  platinum  is  very  slowly  preei|(itated,  even  when 
assisted  by  the  application  of  heat.  (Ruolz  &  Dumas,  Pogg.  55,  164.) 


Sitveritig. 


^B      Copper  and  brass  may  be  silvered  in  the  alwve  apparatus  by  meaoB  of 
^Mm  solution  of  1  part  of  fused  nitrate  of  silver  (lunar  caustic)  in  5^^  parts  of 
^^hqueous  ammonia;  but   the  first  immersion  must  not  last  longer  than  a 
^peoond.  (K.  Bfittgcr.) — Walker  ])n>ceeds,  according   to  the  mKthutl  de- 
scribed on  i)age  4r*9,  with  a  solution  of  cyanide  of  silver  and  potassium  aa 
the  electrolyte,  and  a  silver  plate  as  the  anode. — According  to  IJuolz,  who 
likfwise  usch  cyanide  of  silver  and  pc:>tassium,  silvering  may  Iw-  prmhiced 
on  gold,  platinum,  copper,  bronze,  brass,  iron,  cast-iron,  st«'l,  and  tin, 
and  is  very  permanent. — A  solution  of  1  part  of  cyanide  of  silver  and  10 
parts  of  ordinary  ferroeyanide  of  jxjtassium  m  lOO  parta  of  water,  may 
also  be  used.  (Dumas.) 
^m  Coppering. 

^  A  solution  of  cyanide  of  copjx'r  in  cyanide  of  potassium  or  sodium 
yielils  a  coating  of  c<.ipper  when  acted  upr.m  by  the  current  of  an  eight- 
pair  Daniell's  batteiy, — but  the  deposition  of  the  copper  is  verj-  slow. 
(Ruolz) — In  a  similar  manner,  metals  may  be  coated  with  lead,  cobalt,  or 
nickel.  (Ruolz.) 

Tinning. 

Clean  copper  or  brass,  ia  contact  with  cuttings  of  tin  in  a  boiling  solu- 
tion of  [x-roxide  of  tin  in  potash,  bcccmies  covered  in  a  few  niiimtes  with 
a  white  pc'nnuncnt  layer  of  tin.  (H.  Bottger.) — Bronze  nn»y  lik(.nvisc  1x> 
tinned  in  this  manner.  With  eliictro-fKisitive  metals,  on  the  contrary, 
such  as  iron  or  zinc,  the  current  of  a  battery  is  necessary.  (Ruolz.) — On 
this  prineiph!  defH-nds  tltf  turning  of  brass  pins  by  disposing  them  in 
alternate  layere  with  tin  plates,  and  boiling  the  whole  in  a  solution  of 
cream  of  tartar. 

Zinhing. 

Copper  or  brass  cleaned  witli  dilute  hydrochloric  acid,  and  placed  in 
close  contact  witli  granulated  zuio,  in  a  boiling  salnrateil  solution  of  sal- 
ammoniac  or  a  sohilittn  uf  chlnritic  <>f  zinc,  acquires  in  a  few  minutes  a 
specular  covering  of  zinc.  Criam  of  tartar,  in  place  of  sal-ammoniac, 
does  not  occasion  a  deposit  of  zinc.  (K.  Bottger,  Ann.  Pharm,  34,  84  ;  39, 
172.) — By  means  of  the  electric  current  of  a  batteiy,  iron  wire,  iron  plate, 
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Iiifluence  of  the  Surface  of  the  Electrodes  vpon  DecompoiHion, 

Electrodes  of  small  surface  eTolve  as  much  detonating-  gas  from  aadB> 
lated  water  in  a  given  time  as  those  of  a  larger  surface.  (Faradaj.) 
When,  however,  the  cun-ent  is  strong,  the  decomposition  diminisbrc  ii 
the  cloi'tnide  bo  too  small  to  allow  free  passage  to  the  cnrrout :  thw, » 
Daniell's  battery  of  tea  imin*  yields  2*7  cubic  inches  of  detonating  pA, 
whether  the  elect  roilt-H  are  funned  of  broad  plutes  of  phitinuni,  orof  wiiw, 
but  if  the  latter  arc  covered  with  resin  to  within  a  quarter  of  an  indi  rf 
their  points,  the  quantity  of  gim  per  minute  is  reduce*!  to  2*3  niK  in.; 
and  when  they  are  coatt-d  up  to  their  points,  it  is  only  0*8  cnb.  in.:  is 
this  last  case,  the  gas  is  driven  into  the  li(]uid  with  sonic  foiv^.  (Dadefi.) 
— With  currents  of  small  quantity,  on  the  contrary,  the  dccornpi->«!tintiii 
increased  by  diuiinishing' the  HJze  of  the  electrodes,    and  thei    '  ■> 

trating  the  current.     (WoUaston,  Matteucci.)     The  deficcrtioi  .«i 

stronger  when  the  positive  electricity  enters  by  a  narrower,  and  the  ticgv 
tivc  electricity  by  a  wider  eleotrtHle,  than  in  the  contrary  case  rbfC4ii*» 
greater  quantity  of  gas  is  evolved  at  the  negative  eloctrodej.  (Matteacd) 

Decomposition  of  Individual  Compounds. 

Nicholson  and  Carlisle  discovered  tlie  decomposition  of  wator  ;  TTniinyr 
&  BerzcliuB  that  of  salts ;  Sir  II.  Davy  that  of  the  alkalia. 


Water'. 

The  olectnc  current  acts  more  readily  on  water  contained  in  a  VaaAi 
of  asbestos  ilbres  than  on  a  column  of  that  hquid  of  equal  length  abi 
thickiieHB  iu  a  U-tube.     (11.  Davy.) 

Many  substances  which  are  t^nluble  in  water  favour  it«  dieoomsMMttiot 
(p.  443) ;  Imt  with  a  powerful  batleiy,  the  same  quantity  cif  detoiHtiiV 
gas  is  fibtairu'd  in  a  given  time,  whether  the  water  is  mixed  witit  a  km 
or  a  t^mall  quantity  uf  sulphuric  acid,  or  holds  in  8oljit)ou«  t>otaah,  •( 
carboijiate  of  potash,  suiphate  of  ammonia  with  excess  of  ammoniaf  ciri 
phate  of  soda.  Dihite  sulphuric  licid  of  sp.  gr.  from  1-25  to  1*386  b  kvS 
adapted  for  the  purpose.  Acid  of  1*495  sp.  gr.  yields  a  somewhat  gnttif 
quantity  of  gas,  because  it  retains  less  oxygen  gas  in  solutiou.  Wili 
auid  of  still  greater  strength,  e.  (j.  2  measures  of  oil  of  vitriol  to  one  ma^ 
sure  of  water,  only  0*57  volume  of  oxygen  gas  is  obtained  for  otat} 
volumes  of  hydrogen, — jwssibly  because  tlie  predisposing  affinity  of  iIk 
sulphuric  acid  favoui-s  the  jiroduction  of  peroxide  of  hyilrogim,  (FanulaT.) 
Conn(4l  likewise  obtuiued  with  these  different  solutions,  and  alau  whh  tfai 
of  boracic  acid,  constantly  the  same  quantity  of  detonating  gas. 

When  water  is  divided  by  a  membrane  into  two  portionH,  and  oatoT 
the  olectHKles  of  a  powerful  battery  immersed  in  each  of  thi-m,  the  water 
rises  in  the  neg;itive  and  sinks  in  the  jiositive  division.  (Porrx^t.)— TIm 
effect  is  exhibited  by  distilled  water  and  raiu-water,  which  ate  bad  «•* 
ductors,  but  not  by  satiue  solutions, — and  is  due  to  tlic  resiatanoo  wiwik 
tlie  water  opjKises  to  the  iwssage  of  positive  electricity.  (iHj  la  Kive.)' 
On  the  cnntmry :  This  effi-ct  is  seen  only  in  water  which  hohis  in  adt- 
tiou  situu!  salt,  bv  the  docomiH^siiicm  of  which,  alkaU  coIUvta  in  tho  vmf^ 
tive  and  acid  iu  titu  pOBitive  oiviaion ;  and  the  rise  of  tliu  wator  is  nut  a 
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direct  coasequcoco  of  the  action  of  the  electric  current,  but  is  produced 
by  endosmose.  (Dutrochet,  Pogg.  26,  36;  cornp.  Schweigger,  ."s'cAip.  16, 
8«3.) 

Water  not  freed  from  atmospheric  air  yields,  in  conBeqacncc  of  the 
nitrogen  which  it  contains,  nitric  acid  iti  the  positive  gold  cup,  and  ammonia 
in  the  negative  gold  cup  connected  witJi  the  fonn(;r  by  means  of  asbestos, 
—the  nitrogen  cumhiiiing  with  oxygen  at  tlie  anode  and  with  liydrogen 
at  the  cathode :  (lie  *iuantity  of  the  nitric  acid  continually  increases,  but 
that  of  the  ammonia  Boon  reaches  a  maxirautn.  If  th<!  receiver  under 
which  the  gold  cu})8  are  placed  be  exhausted  of  air,  then  filled  with 
hydrogen,  and  again  exliausted,  neither  acid  nor  ammonia  appears  in  tho 
water.     (H.  Davy.) 

When  platinum  electrodes  are  used,  somewhat  less  than  one  measm'O 
of  oxygen  gas  iB  obtained  for  every  two  measures  of  hydrogen  :  for  tlie 
former  is  more  reatlily  absorbed  by  water, — partly  because  it  is  evolved  in 
Bmalior  bubbles,  partly  because  water  is  esaentially  callable  of  absorbing 
oxygen  gas  in  greater  quantity  thari  hydrogen ;  iktIijijis  also  a  small 
quantity  of  |)eroxide  of  hydrogen  is  formed  at  the  anode.  The  detonat- 
ing gas  likewine  contains  nitrogen,  which  was  previously  dissolved  in  tlie 
■water.  (Faraday.) — Just  at  the  comiiiencenient  of  the  decomposition,  tho 
detonating  gas  contains  less  than  its  nonnal  quantity  of  oxygen,  because 
the  positive  platinum  wire  oxidates  on  the  surface:  the  latter  portions  of 
detonating  gas  contain  ahnost  exactly  the  proper  quantity  of  oxygen.  If 
both  the  platinum  plates  have  been  previously  cleansed  (by  rubbing  them 
white  hot  with  hydrate  of  potash,  dipping  them  in  oil  of  vitriol,  and 
wasliing  with  water  nut  of  contact  of  air),  the  negative  plate  immediately 
evolves  gas,  the  [wsitive  plate  not  till  after  son»e  few  seconds,  because  the 
first  p<irtions  of  oxygen  are  retained  by  tin;  platinum :  if,  on  the  other 
hand,  the  platinum  plates  have  been  exposed  to  the  air  for  some  time,  gas 
is  immediately  disengaged  on  the  i»-»sitive  plate,  but  ofton  not  till  after 
twenty  seconds  on  the  negative  plate, — because  the  first  {xvrtions  of 
hydrogen  set  free  have  to  reduce  the  oxide  of  platinum.     (De  la  Hive.) 

Clean  platin«iti  wire  used  in  rtiiwd  alteniation  as  jiositive  and  nega* 
tive  electrode  Ix'comes  covered  with  a  black  powder,  consisting  of  finely 
divided  metallic  platinvmi;  for  the  metal,  in  conducting  positive  elec- 
tricity, takes  up  a  trace  of  the  liberated  oxygen  and  forms  an  oxide, 
which,  when  afterwards  used  as  a  cathode,  is  reduced  by  the  hydrogen  to 
the  state  of  finely  divider!  pilatinum. — If  the  elwtrode  a  consists  of  a  thin 
platinum  wire,  and  the  electrttdo  6  of  a  broad  plate  of  the  same  metal, 
the  volumes  of  oxygtMi  and  hydrogen  gas  evolved  from  water  acidulated 
with  sulphuric  acid  are  in  the  exact  proportion  of  1  :  2,  when  a  is  used 
as  the  anode, — liecause  the  small  surface  of  the  wire  can  take  up  but  a 
trilling  quantity  of  oxygen;  Init  whi-n  b  is  used  as  anode,  the  quantity  of 
oxygen  is  deficient;  and  if  &  lie  then  put  in  the  place  of  the  cathode,  the 
^^  quantity  of  hydrogen  ap^iears  deficient,  beeause  a  portion  of  that  element 
H  is  employed  in  reducing  the  oxide  previously  fonned  on  b.  Ilcncc,  when 
^B  platinum  which  has  been  used  as  anode  is  afterwards  made  to  conduct 
^B  negative  electricity,  some  second**  elapse  before  hydrogen  gas  appears  on 
^m  its  surface?,  because  the  first  portions  enter  into  combination  with  the 
^■^xjgen  of  the  oxide  of  platinum.  This  power  possessed  by  platinum  of 
^Pfixing  oxygen  on  its  surface  explains  the  fact  atmomiced  by  Poclet,  viz., 
^R  that  platinum  may  Ixt  positive  with  regard  to  gold.  Gold  wire  used  as 
^^  the  anode  in  dilute  sulphuric  acid  acquires  a  reddish  tinge  from  oxidation, 
— and,  when  the  poles  are  changed,  becomes  pulverulent  on  the  surface,  in. 
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vedadicNi  of  copper  on  •  pble  pTCvinusly  ground  and  tm  ilished  take*  ^aor 
irith  extrene  dc^wness.    Sncfa  a  plati>  renuireB  no  ;.  <ir  {loiisbnfi 

•ad,  in  oonmtqmeaoe  of  its  hamogeneity,  toe  copper  •.'_  i  on  Kft  taiiut 

•fter  eagtvnng  tomy  be  euStj  separated.      Since,   on    ordinaiy  oopfcr 
plfttes,  the  ttdheaon  on  some  iiart;s  (»f  the  Hurface  is  so  stronp  :1^bt  i!r 
wpMmtioa  otBDOt  be  effected  without  injury  to  the  original,  it 
earr,  befoi«  oonunendne  the  process  of  reduction,  to  €x>ver  ti« 
pkte  with  ftn  extremely  thin  layer  of  grease.     For  exam 
eovend  witb  mehed  stearic  add,  which  eeparateis  completi .,. 
iag,  but  ktaree  a  trace  of  grease  (probably  oleic  acid),  in  a  v. 
dh^ded  atete^  oa  the  pbte  oi  copper.     The  6ub«eqnent  Repatuti<u  ■■>.  >•• 
l»d<K<d   oofiper  is  afao  greath-   facilitated  by   silveriiig-   or  gilding  tkt 
engraved  pate  before  commencing'  the  electro-type  process.     Gili&ng  m 
the  wet  way  is  best  adaptt.'d  for  the  purpose.     Pieces  of  copper  stui^ 
with  the  die  may  also  be  used  as  models,  provided  they  are  not  niwar- 
worked.     Further,  if  an  engraved  cop^ier  plate  be  pn>t>sod  under  a  nJiof 
pnea  on  a  leaden  plate,  copjvr  may  be  reduced  vn   the  latter  b\  '"" 
dootrot^pe  proeesB,  and  perfectly  sharp,  exact  copies  thus  obtained.— 
pwrta  (H  Um»  model  which  are  not  to  be  covered  with  cop(>er  are  )  - 
oo«ted  with  wax;  so  Ukewiee  ie  the  conducting  wire,  so  far,  at  1< 
dips  into  the  aohitioin. 

B.  The  QOD-condactoTB  used  as  models,  are  wood,  gypeum.  }  >  . 
8al}Aar,  sealing-wax,  stearic  add  [this  appears  to  be  what  Jactibi  austs* 
hj  steariuel  Gypsum  must  be  soaked  in  a  hot  mixture  of  stearic  adi 
Mkd  waXf  till  it  no  longer  gives  out  air  bubbles.  Casts  of  stearic  add  an 
araeb  shaiper  thui  those  of  gypsum.  To  give  these  mod(>Is  a  coo&acAt 
BurfwSi  A  quantity  of  plumbago  is  rubbed  up  with  the  water  to  a  sctni- 
fluid  cotuialbeac^y  and  ejtread,  bj  moans  of  a  brush,  on  those  parts  of  tlir 
model  which  aw  to  be  coppered ;  after  drying,  the  superthioos  iJiuntap- 
is  rubbed  off  with  a  dry  brush.  Or  the  plumbago,  in  the  state  li  (far 
powder.  VMJ  be  rvbbed  on  the  model  with  a  brush  slightly  moisteoed  niu 
oil.  Since  the  ooatnig  of  plunibagxi  conducts  but  imperfectly,  the  ifcw^ 
•iti«)n  of  o«tpiMT  is  most  abundant  at  the  pouit  where  the  pltunbagi>  toncM 
the  conductmg  wire.  It  is  therefore  advantageous  to  place  a  tliin  ftnf 
of  le«id  or  copper,  connected  with  the  conducting  wire,  close  roond  tiv 
surface  to  be  coppered.  The  metal  must  also  be  plaotnl  in  a  bonRistat 
position. — When  a  great  degree  of  maHesbiiity  is  not  deairod,  the  gn^ 
of  tibA  tejer  of  copper,  when  it  has  once  begun  to  form,  may  lie  mooSentti 
\;^  itrewmg  ooppo'  fiHugs  on  it,  which  become  intimately  mixed  with  Ite 
reduced  oopper. 

The  electro-type  process  is  applicable  to  copjHT-plate  cpgiarliyi 
medals,  stereo^rpe  pistes,  ornaments, — and  likewise  to  making  blocks  ft* 
pri&liaff  etlioo  and  patterns  for  paper- banging.  (Jacobi.) 

Mtthodt  of  others. 

Apparatvt  and  Liquids. 
• 
S^Mmetf's  Apparatus.     A  cylinder  of  glass,  wood,  or  ;::^ased  earths* 

ware  (having  n  rim  at  the  bottom  for  retaining  the  •,  ]»  domdti 

the   lower  end  willi  a  diaphragm  three  quurters   i  ;  .-It   thick.    It 

contains  miic  inuniTsetl  in  ii  sohitioii  of  common  salt,  ami  is  hsaU  CV^ 
rouitiied  by  a  solutiun  of  Miilphute  of  cop^>er,  which  contains  the  boityto 
Ni  cop))orcd.     The  operation  succeeds  best  when  the  surfaoo  to  bs  cop- 
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jK?re<i  is  of  the  eamc  size  as  the  zinc  surface,  and  that  of  the  gypsum 
groattT  thiiu  either.  Th<^  zinc  is  frequently  cUfansed,  the  ealt-sohitiou 
(•ccasioiially  renewed.  When  the  pr(x:ess  is  cnritinvied  for  sonte  time,  the 
cop|M?r  sohition  must  likewise  be  renewed ;  otherwise  the  sulphuric  acid 
whicli  is  set  free  (ire vents  the  precipitated  cupper  from  assumitig  a  suHd 
c^msisteiice,  and  ennveiis  it  into  a  brown-red  jxtwder;  in  such  a  ease,  the 
copper  must  be  cleaned  with  verj'  dilute  nitric  acid.  The  formati<Ju  of  a 
layer  of  copj)er  one-eighth  of  an  inch  tiiick,  takes  ei','-ht  or  ten  days. 
(Spencer.) 

Bottger'a  Apparatus.  A  cylinder  Bix  inches  high  {e.g.,  a.  latnp^glass), 
open  at  top,  and  tied  round  at  bottont  with  a  thin  piece  of  bladder,  is  sunk 
to  one-half  its  deplli  in  a  somewhat  wider  cylinder,  and  fixed  in  this 
p<^»sition  by  nuaus  of  three  fork-sha]>ed  ija^nited  copjicr  wires.  In  the  lower 
cyliniler,  two  ami  n-half  or  three  inches  from  the  bladder,  is  placed  a  ring 
of  unij^nited  cop]>er  wire.  The  model  is  laid  upon  a  v'm^  of  nnignited 
copper  wire,  placed  in  tiie  lower  cylinder  at  the  distune*'  of  two  and  a-lialf 
or  three  inches  from  the  bladder,  and  terminating^  in  a  wire  which  [tasscH 
up  the  side  of  the  lower  cylinder — then  down  the  inner  siirface  of  the 
upper  cylinder  to  within  three  lines'  distance  from  tiie  Madder — and  there 
forms  a  ring,  on  which  the  zinc  plate  is  laid.  The  whole  surface  of  the 
copixT  wire  in  the  lower  cylinder,  with  tire  exception  of  the  ring,  is  covered 
with  sealing-wax,  to  prevent  unnecessary'  preei[jitation  of  copj>er.  The 
lower  cylinder  is  filled  with  solution  of  sulphate  of  efipjH'r,  saturated  in 
the  cold  (which  need  not  he  pure,  and  may  conJarn  a  large  quantity  of 
sidphate  of  zinc),  and  contains  some  crystals  of  the  same  salt.  The 
upjx>r  eylimk-r  contains  a  thick  plate  of  zinc,  partially  amalgamated  and 
oi  the  same  widtli  as  the  cylinder,  together  with  a  mixture  of  1  part  of 
oil  of  vitriol  and  10  jKirts  of  water.  It  is  immersed  to  the  d(>]>th  of  an 
inch  or  two  in  the  sohition  of  sulphate  of  cop[)er. — Every  twenty- four 
hours,  the  upper  cyhnder  together  witli  the  wire  is  taken  out  of  the  lower 
vessel,  the  copf>t'r  Hulution  in  the  tatter  stirred  nji,  and  supplied,  if  neces- 
sary, with  fresh  crystals  (or  it  is  satm-ated  every  two  days  with  sulphate 
of  copjier  at  a  boiling  heat,  and  filtered  through  linen  when  cold):  the 
acid  is  also  changed,  and  the  zinc  plate  cleaned  or  renewed.  In  the  course 
of  a  week  a  defjosit,  one  or  two  lines  in  thickness,  ia  obtained.  (R.  Biittger, 
Ann.  Pharm.  .%">,  '2U\.) 

In  Jacobi's  apparatus  A,  the  dcp«isit  of  copjwr  is  more  uniform  and 
pure,  when  tlie  uiodel  is  placed  upright,  than  M'hen  it  lies  in  a  horizontal 
position.  It  is  w>i  only  when  the  Hnlutinn  of  sulpiiate  of  copper  is  too 
weak,  that  the  metal  is  dejK)sited  in  a  pulverizetl  state,  but  likewise  when 
the  surface  on  whicli  it  is  deposited  is  too  small  in  jtrn|Mirtion  t<>  that  of 
the  zinc.  Two  or  three  models  may  Ix"  immersed  in  tluf  copper  solution  at 
the  same  time.  If  tiie  copy,  after  separation  from  the  model,  Ih;  immersed 
f'lr  a  short  time  in  the  copper  sohition,  the  zinc  connected  with  it  remain- 
ing at  the  sanie  time  in  the  ai;id,  the  copjicr  thus  deposited  on  the  surface 
of  the  impression  gives  it  a  beautiful  soft  silky  lustre.     (Solly.) 

In  Jacobi's  a{)]karatus  A,  the  copper  wire  attached  to  the  zinc  must 
be  amalgamated,  as  far  as  it  dips  into  the  solutinti,  to  i)reveut  the  e^olu- 
tion  (tf  hydrogen  gas  upon  it,  by  which  part  of  the  action  would  bt^  lost. 
(Bolley,  Ann.  I'lutrtn.  37,  206.) — Bo^iuillou's  apparatus.  {J.  Phttnu.  27, 
21 G.) 

Smee  {Phif.  Afitfj.  J.  16,  5,50)  prefers  Jacobi's  apy)aratns  B  to  the 
siinplc  galvanic  circuit  A.  He  however  uses  in  connexion  with  it  a 
trough  battery  containing  from  two  to  six  puirs.     Along  the  bottom  of 


506 


ELECTRICITY. 


the  decomposing  cell  filled  with  sulphate  of  copper,  there  rone  a 
which  are  placed  as  many  modelB  as  may  l>e  desired ;  and  these 
taken  out  separately  and  replficed  by  now  ones,  without  disturbinff^ 
rest.  The  positive  wire  passes  over  to  a  large  piece  of  copper,  which  ilipn 
into  the  copper  nolutiun.  Frum  nitrate  of  copper,  the  metal  is  depositeti 
more  quickly  but  in  a  more  brittle  conrlition,  than  from  the  sulphate. — 
Jordan  {P/iiL  Ma/f.  J.  19,  452)  also  prefers  apparatus  B. 

In  order  to  neutralize  the  free  sulphuric  acid  whicli  aocumolat^s  in  tiie 
copjtcv  soltitinn,  and  at  the  name  time  to  keep  the  liquid  saturated  with 
Bulphato  of  copper,  Bniall  bag's  tilled  with  oxide  of  ctipj»er  are  suspended  in 
the  stilution, — The  coating  of  copper  is  tliickest  exactly  at  the  point  which 
is  farthest  from  tlie  condnctitig  wire,  whether  thff  model  be  placed  uprigiit 
or  hurizoutallj', — and  in  the  fonnor  case,  whether  the  conducting^  wirv  I* 
attached  to  the  upper  or  lower  end  of  the  model.  For  thia  reaaon,  it  » 
necessary  either  to  liavo  two  comlncting  wires  fixed  on  opi»osite  sidf*— 
ur,  if  a  suipjle  wire  be  used,  to  chan>,''t>  itft  point  of  attacliiiient  fnun  tiae 
to  time.  Sometimes  streaky  defvosits  of  cop])er  are  produced  on  the  J 
ther  side  of  the  moik-l,  even  when  the  current  is  very  feeble,  (G 
J,  pr.  Cheiii.  21,  180.) 

En^aved  Cappir-platej>.  An  engraved  cnpper-plate  is  carefully  rabbed 
with  olive-oil,  then  cleaned  and  put  into  the  apparatus  already  dcMTlbed 
(p.  505), — which  nniKt,  however,  l»c  of  larger  dimensions,  and  in  wtaok, 
tlie  filato  is  f'>ur  inclics  distant  from  the  bladder.  After  ten  dayi 
double  plate  is  taken  out  and  fixed  in  a  vice,  and  the  ed^^o  tUt 
rouurl,  till  the  binnubiry  line  between  the  copy  and  the  origijial  becoaB^ 
apparent ;  the  blade  of  a  pocket-knife  is  then  carefully  inserted  betvMi 
them,  a  thin  hom  spatula  intrndnced  into  the  spUt  thus  made,  and  bj 
means  of  this  the  plates  are  completely  separated.  The  revf»rse«l  copr 
thus  obtained,  of  the  thickness  of  half  a  line,  is  cleaned  with  caustic 
potJish,  then  rubbed  with  olive  oil,  ami  the  oil  removed  with  very 
blotting-paper,  with  the  assistance  of  a  brush.  The  rever«3ed  co( 
then  subjected,  in  the  same  manner,  to  the  galvanic  process  for  fot 
days ;  another  copy  is  thus  obtained,  easily  separable,  similar  in  0T017 
respect  to  tlio  original  plate,  and  gi%ing  |x;rfectly  similar  ixui 
sions.  Bottger  succeeded  perfectly  in  this  pnjcess  with  a  plat« 
inches  high  and  nine  inches  wide.  (jP"W.  54,  300 ;  also  J,  pr. 
IIG.) 

In  order  that  the  reduced  copper  may  separate  with  facility  frnmj 
original  plate,  the  latter  is  previously  rubbed,  while  warm,  with  y< " 
wa.\  mixed  with  a  small  quantify  of  tur|»entine,  and  the  wax' 
clean  off  after  the  plate  has  cooled.  When  the  precipitation  of  the  o>p(itf 
is  complete,  the  bswk  uf  the  reduced  plate  is  heated  over  a  spirit-lamp;  il 
then  separates  spont^inconsly  with  a  decref)itatiug  noise.  The  plali;  ihos 
obtained  is  then  treatiiHl  with  wax  in  the  same  maimer, — and  t»o  ott. 
(Spencer.) — Max,  Duke  of  Leuchtenl>erg,  rubs  melted  stearic  acid  into  the 
plate,  and  wi|^x:'s  it  off  again  with  linen. 

Since  the  rubbing  in  of  grease  uito  the  plate  may  obliterate  the  Unea, 
tlie  pn»ceHs  of  silvering  (recouuneiided  by  Jacobi)  is  U)  T»t'  pn^ferred.  The 
plate  is  dip|K;d,  for  ten  minutes,  into  a  solution  of  chloride  of  kII  vet  IB 
common  salt,  and  when  thus  slightly  silvered — the  atoms  of  cojij»crj 
the  surfaci^  being  rejilactjd  by  silver — it  is  introduced  into  an  appiira( 
like  that  of  Bottger.  Instead  of  a  ring  of  cop|H-r  wire,  however,  fht? 
is  sup^)orted  on  a  broad  sheet  of  copj^»er,  on  which  a  narr«»wer  vt 
sheet  IS  soldci'od     This  broad  sheet  of  copper— whicli  is  cntiruly 
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with  wax,  with  the  exception  (if  a  space  about  half  an  inch  ^vide  all 
round  the  plate  whicli  lies  upon  it — prevtMita  tlie  deposition  of  copjHjr  over 
the  edge  of  the  original  plate.  The  Mtrip  uf  copper  pusHing  M[iwardH  is 
screwed  to  a  strip  of  lesid,  whicli  lies  np<^in  the  zinc  plate  and  is  kept 
upon  it  by  means  tif  weights.  This  airangeuieut  facilitates  the  cleaning 
of  the  zinc  plate.  The  reversed  plate  18  finished  in  six  or  eight  days. 
A  ])Iate,  similar  to  the  onginal,  is  prepared  from  it  in  a  similar  manner. 
(Kobell,  Po/y/ec/iH, /.  77,  t>8 ;  Ally.  Zeit.  1842,  No.  54  Beil.;  camp.  Mux 
ilerz.  V.  Leuchtetd»erg,  J.  pr.  Chem,  '2;^,  143.) 

An  engraved  copy  may  be  olitained  from  a  smooth  copper  plate,  by 
drawing  on  the  plate  with  thick  varnish,  atid  then  coating  it  with  cop- 
per by  means  of  the  batter)'.  The  co[iy  thus  obtained  may  be  used  to 
print  from ;  but  the  depressions  are  shallow,  and  do  not  retain  the  ink 
well.  (Suiee.)— The  drawing  is  fjest  made  with  a  solnticm  of  cormmon 
resin  in  oil  of  turix-ntinc,  mixed  with  Venetian  red,  mineral  black,  and 
other  mineral  coIunrH.  When  this  ink  has  been  put  on,  the  plate  is  sil- 
vered in  the  manner  ah^eady  described,  and  then  treated  by  the  electro- 
tyjMj  process.  The  copjwr  is  dejtoaited  on  the  ink  as  well  as  on  the  unco- 
vered portions  of  the  surface,  partly  because  the  copper  miderueath  acta 
through  the  ink,  and  partly  by  gTadual  growth  frnm  the  Kide.  From  the 
plate  thus  ol>tained  a  reversed  cojty  is  made,  and  from  this  coiiies  similar 
to  the  original  may  be  obtained,  as  many  as  may  be  desiied.  (Kobell, 
Alii/.  Zcit.  1842,  No.  [)i;Poyff,  54,  303.) 

To  obtain  a  copi>er-plate  with  raised  lines  fit  for  printing,  a  flat  plate 
is  covered  with  a  coat  of  wax,  and  the  hues  etched  upon  it.  The  exjiosed 
part  of  the  copper  is  then  Rubjected,  for  a  short  time,  to  the  action  of 
nitric  acid  dihiteil  with  tliree  i)arta  of  water  (without  this  previous  treat- 
ment witli  acid,  the  deposited  cupfier  would  not  adhere  firmly.)  The  plate 
is  then  submitted  to  the  electrotype  process,  the  reduced  copp(u-  gromid 
Bmooth  witli  pumice-stone,  and  the  wax  removed  by  warming  andnibliing 
with  turpentine. — Or  an  engi-aving  is  made  on  lead  or  type  metal — all  the 
lines  Ixjing  of  cijiml  depth  and  fiat  at  the  bottom — and  from  this  an 
tdectro-tyjK3  copper  plate  is  formed,  which  may  be  used  for  printing. 
(Spenc<!r.) 

MeialUc  Modth.  Tho  best  material  for  taking  impreaatons  is  an  alloy 
of  8  parts  bismuth,  8  of  lead,  and  3  of  tin,  which  melts  at  107'5''  C,  or 
225*5'^  Fah.  (Rosc'h  fusible  metal  produces  a  coar«c-grained  mass  on 
cooling,  and  does  not  give  equally  sharj*  impressions.)  This  alloy  is  fused, 
pcMired  into  a  f>orft;ctly  dry  pasteboard  tray,  at  least  three  hues  in  depth, 
stirred  with  a  hot  iron  rod  till  its  surface  is  free  from  oxiile  and  atr  hub- 
bies, and  left  to  Cftol  to  a  semifluid  corisi.Ktence.  The  medal  i»r  coin  is 
then  heated  til!  it  can  scarcely  Iw  held  in  the  hand,  then  quickly  laid  on 
the  idloy,  and  pri'ssed  firmly  and  continuously  on  it  by  nu-ans  of  a  broad 
cork  fastened  to  a  handle,  till  the  mass  has  become  tolerably  cool.  (R. 
Bottgt'r.) 

ImpresHtons  of  sti-el  and  copper  engravings  may  be  taJken  with  Rose's 
fusible  metal,  by  jiliicing  the  aUoy,  just  as  it  begins  to  co<)t,  uiidi-r  a  ver- 
tically acting  press,  and  leaving  it  there  till  it  is  cold.  The  electro-type 
plate  formed  ujK>n  this  alhiy  is  easily  separated. — If  the  copjier  is  to  Ikj 
jireci[iitated  on  the  original  plate,  the  latter  mnst  l)c  well  rubbed  with  oil, 
and  then  carefully  cleansed,  these  ojteratious  being  repeated  several  times, 
(Marclnmd,  J.  pr.  Chan.  23,  4t>t>.) 

If  aista  of  silver  and  gold  objects  be  made  in  fusible  metal,  the  copper 
reduced  upon  them  has  a  white  or  yeilow  tint  on  its  surfaoo.  (Solly.) 
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the  decomposing  cell  filled  with  Hulphate  of  copper,  there  mne  a  wire,  i 
which  are  placed  as  many  models  as  may  be  desired ;  and  these  cam  be 
taken  out  eepanitely  and  replaced  by  new  ones,  without  disturbing  the 
rest.  The  poHJlive  whv.  piissca  over  to  a  larg-e  piece  of  w)pf)er,  wliicb  dip* 
into  tiie  C(»pper  Kolution.  From  nitrate  of  coppt^r,  the  metal  ih  deposited 
more  quickly  but  in  a  more  brittle  condition,  than  from  the  sulphate. — 
Jordan  (Pfiii.  Mag.  J.  19,  452)  jiIho  prefei-n  apparatus  B. 

\iv  order  Uy  neutralize  the  free  sulphuric  acid  which  accumulates  in  the 
coppt?r  8olutinn,  and  at  the  same  time  to  keep  the  liquid  saturated  with 
sulpiiate  of  cfjpp<ir,  Hraall  ha^s  filled  with  oxide  of  copper  are  s)iHp(<udi*d  in 
the  Holution. — The  coatinfj;-  of  copper  is  thickcBt  exactly  at  the  point  which 
is  farthest  from  the  conducting  wire,  whetlier  ttie  model  be  placed  upright 
or  horizi^utally, — and  in  the  furmcr  case,  wliether  the  conducting  wire  be 
attached  to  the  upper  or  lower  end  of  the  model.  For  this  rcanon,  it  ii 
necessary  either  to  have  two  conducting  wires  fixed  on  opposite  eidcfl— 
or,  if  a  single  wire  be  used,  to  c!ia«ig-e  its  point  of  attachment  fmni  time 
to  time.  Soraetiraes  streaky  defKisits  of  copixr  are  produced  ou  tlie  far- 
ther Bide  of  the  model,  even  when  the  current  is  very  feeble,  (Gerlacb, 
J.pr.  Chem.  24,  180.) 

Etufravcd  C'opper-phies.  An  engraved  copper-plate  is  carefully  rubbed 
with  olive-oil,  then  cleaned  and  put  into  the  upparatua  already  dest^ibed 
(p.  ftOfi), — wbitrli  nmst,  however,  be  of  larffcr  dinieuBious,  and  in  which 
the  jilatc  is  four  inches  distant  from  the  bladder.  After  ten  days,  the 
double  plate  13  taken  out  and  fixed  in  a  vice,  and  the  edges  filed  all 
round,  till  the  boundary  line  between  tlie  copy  and  the  origiiial  bcooSMB 
apparent;  the  blade  of  a  pocket-knife  is  then  carefully  inserted  betwwft 
them,  a  thin  horn  sjiatuhi  intn*dn(*ed  into  the  Bplit  thus  made,  and^ 
means  of  tluH  the  plates  are  conifiletely  Be[»ui*ated.  The  reversed 
thna  obtained,  of  the  thickneHs  uf  half  a  line,  is  cleaned  with  caustic 
potash,  then  rublted  with  olive  uil,  and  the  oil  removed  with  very  «»ft 
bl<ttting-p.'ii>er,  witli  the  asHi«tanco  of  a  brush.  The  reversed  copy  is 
then  Bubjected,  in  the  same  manner,  to  tlit^?  galvanic  process  for  fourteen 
days ;  another  copy  is  thiin  ubtaiued,  eaKily  aeiMU-able,  similar  in  e>Tiy 
respect  to  the  original  plate,  and  giving  perfectly  similar  impn«- 
aions.  Bottgcr  succeeded  ]>erfectly  in  this  prixiesa  with  a  plate  twelve 
inches  high  and  uiuu  iuches  wide.  (/*<w-  ^4,  300 ;  also  J.  pr,  Chan,  2^ 
IIG.) 

In  order  that  the  reduced  copper  may  separate  with  facility  from  Uie 
original  i)l!i!e,  the  latter  is  previously  rubl)t;d,  while  wann,  with  velle* 
wax  mixed  with  a  nmall  fpiantity  of  tur|K'ntine,  and  the  wax  wiped 
clean  olT  after  the  |)!a1o  !ia.s  cooled.  When  the  precipitation  of  the  copp^ 
is  complete,  the  buck  of  the  reduced  plate  is  heated  uver  a  spirit-lamp;  it 
then  eeparates  spontaneously  with  a  dcei\'|jitating  noise.  The  plate  thoa 
obtained  ih  then  treattid  with  wax  in  the  same  maimer, — and  so  on. 
(Spencer.) — Max.  Duke  of  Lenchteid)erg,  rubs  melted  stearic  acid  into  the 
plate,  and  wipes  it  off  again  with  liiieu. 

Since  the  rubbing  in  of  grease  into  the  plate  may  obliterate  the  Udo9, 
tlic  pnwess  of  silvering  (recommended  by  Jacob!)  is  to  l)e  preferred.  Th» 
plate  is  diijfied,  for  ton  mijiuti's,  into  a  solution  of  chloride  of  silver  Ib 
OMiunon  suit,  and  when  thn.q  slightly  silvered — the  atoms  of  copper 
the  surface  iKMng  rephux-d  by  silver — it  is  uitroduced  into  an  a|if 
like  that  of  Bijttger.  Instead  of  a  ring  of  c<:)pper  wire,  hnwever. 
is  sup^rted  on  a  broad  sheet  of  copjK'r,  on  which  a  narrow  > 
sheet  la  soldcrod.     This  broad  sheet  of  copper — which  is  ontintly  oovi 
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m  ias  fiexftile  as  mreet  copper.  (Spencer), — Copper  obtained  by  palvanic 

;tlon  is  veiy  hard  and  Ijrittk',  even  when   it  hiiH  bft-n   precipitated  by  a 

rery  feeble  electric  current.     By  ignition  it  becomcH  perfectly  soft  and 

lalleable,  but  at   the  same  time  it  uiiderpoes  considerable  expansion,  so 

that  a  strip  of  galvanic  copf>er  51  inches  \ong  in  lengthened  a  quarter  of 

^n  inch  after  if^'nitirui  and  coohng,  an  exjjatiKion  which  amovints  to  J-  of 

it«  length.     Hence  the  co[iy  of  an  engraved  [ilate  must  ntit  be  lieated  to 

Jxednesfi,  particularly  as  the  expansion  might  be  uiiefjual  in  different  direc- 

ions,  and  a  distorted  picture  would  consequently   be  produced:  another 

'objection  is  that  the  greater  softness  of  the  ignited  copper  w<mld  diminiaU 

the  nundier  of  tmpre«Bions   that  could  be  taken  frnni  it.     But  if   the  plate 

be  heated  oidy  to  the  tem[»erature  of  melting  zinc  (about  227"  C.  or  400°  F.) 

it  will  not  be  injured,  but  merely  so  far  deprived  of  its  brittleneas  as  not 

^—-to  break  under  tlie  prewH.  (Oerluch.) 

^■^  To  obtain  eIectrot3'i)e  impreKsiouH  and  copper  plate  engravings  from  a 
^■^guerreotype  picture  (p.  178),  the  following  process  im  adopted.  The 
^HBite  on  which  the  Hun-picture  is  formed,  ih  covered  on  the  back  and 
^^%age9  with  .shellac  varnish,  with  the  exception  of  one  spot  on  the  edge  to 
which  the  condnctlng  wire  is  afterwards  to  be  attached.  The  same  treat- 
ment is  applied  to  a  platinum  plate  of  etpial  size,  wJiich  is  coated  with 
pulverized  platinum  by  Smee's  nuithod  (p.  4H>),  ui  order  that  the  hydrogen 
gas  may  be  more  easily  evolved  and  not  accuinidale  in  large  bubbles ;  for 
this  would  weaken  the  galvanic  action  on  the  ojij^wjeite  part  of  the  sun- 
picture.  TIm!  two  plates  are  dis[K>8ed  parallel  to  one  another  and  two 
inches  apart,  ui  two  grooves  of  a  wooden  frame, — ami,  together  with 
this  frame  dip[H?d  vertically  into  a  mixture  of  two  measures  of  hydrtichloric 
acid  and  one  measure  of  water  (sp.  gr.  I'l).  The  electric  current,  which 
acts  upon  these  two  plates — of  wliich  the  DaguencotyjX!  plate  plays  the 
])art  of  anode  and  the  ])latinurn  plate  that  of  cathode— is  produceil  hy  a 
single  pair  of  Grove's  battery — zinc^  dilute  snlphuric  acid,  cxvnceutraled 
Tiitric  acid,  and  platinum  (p.  422).  The  zinc  and  platinum  plates  of  the 
batt<>r3'  must  be  of  the  same  size  as  the  Dagm-rreotyfie  plate.  The 
circuit  is  closed  by  means  of  two  platinum  wires.  The  platinum  wire  pro- 
ceeding from  the  platinum  plate  of  the  exciting  cell,  is  ju-essed  upon  that 
point  of  the  sun-picture  whieli  is  not  covered  with  ehellac-vamish,  and  the 
wire  proceeding  from  the  xinc  ]ilate  simultaneously  pressed  ufXHi  the  un- 
covered spot  of  the  platinum  plate,  an  assistant  imting  the  time.  The 
acli'in  is  comfileted  in  an  interval  of  tinu>  vaiying  from  twenty-five  to 
thirty  seconda  (williotlier  galvanic  a] >panitns  the  time  would  be  different). 
The  frame  h^  therefore  taken  out  after  twenty-live  seconds,  the  i)late 
washed  with  pnre  ivatcr,  and  if  the  action  is  not  found  to  be  quite  com- 
plete, again  submitted  f^ir  a  few  seconds  to  the  electric  current.  The 
plate,  after  being  washed,  is  laid  in  a  flat  box  containing  very  dilute  soln- 
tion  of  ammonia, — the  picture,  which  is  of  a  browri  colour,  being  turned 
upwards — and  the  picture  gfTitly  rubbeil  with  soft  cotton  till  all  the  precipi- 
tide  is  dissolved.  The  plate  is  then  immediately  taken  out,  washed,  and  dried. 
The  liest  mode  of  using  a  plate  thus  treated,  is  to  take  electrotype 
copies  from  it :  any  required  number  may  bo  olitained,  and  all  very  exact. 
For  printing,  the  plate  is  not  so  well  ada|4ed  ;  for  if  it  be  so  slightly 
etched  with  hyilrocLloric  acid  as  not  to  obliterate  the  finer  touches,  the 
printing  ink  will  not  hold  well  in  them,  and  the  impressions  obtained 
will  lie  im[)eifect  ;  and  if  the  acitl  has  acted  more  strongly,  the  ink 
adheres  well,  it  is  true,  but  the  finer  traits  of  the  sun-picture  are  destroyed. 
l^A  Daguerreotj'pc  plate  may  indeed  be  directly  treated  by  the  electro- 
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the  seriw ;  bat  the  efectric  tenaoD  of  two  metals  n  ^;reater,  the  f artiief 

thej  are  rmoird  from  one  another  in  the  electric  senes. — ^Volta  likewise 

supposes  that  a  good  coodoctor  exdtes  electricity  when  in  contact  with  • 

watery  fiqiud,  the  metal  taking  the  negative,  the  liquid  the  positiTe 

electricitj. — When  two  metals,  zinc  and  copper  for  exampJe,  are  in  ooo- 

tact  with  one  another  and  also  with  a  watery  liquid,  the  positive  e4ec> 

tricity  aocomolated  on  the  zinc,  and  the  negative  electricity  aocumolateii 

'  ?  copper,  neutralize  one  another  through  the  medium  of  the  liquid, 

reopon,  positive  electricity  again  passes  from  the  copper  to  the 

id  negative  electricity  from  the  zinc  to  the  copper.     These  qoaa- 

wwiae  nnite  through  the  medium  of  the  Uquid,  and  thus  a  constant 

is  kept  up,  positive  electricity  f)a8sin^  from  the  copper  to  the 

m  the  sIdo  to  the  h'quid,  and  from  the  hquid  to  the  copper  agais. 

CU^pOtiihfm,  whfcsh  the  h'qidd  tmdei;goes  daring  this  process  are 
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'not  tlie  causo  of  the  electric  current  as  we  hare  hitherto  supposed  (pp. 
341. .-340),  but  a  conBequence  of  it. 

This  theory  of  contact,  to  which  many  of  the  most  distinguished  cul- 
tivatiirB  of  physical  scieDce  are  still  altuchir!,  rests  principally  on  VultA's 
I^umlitmentaJ  Expmvitrnts,  from  which  it  woiihi  appear  that  in  the  contact 
of  disKimilar  motals,  even  when  no  chemically  acting'  li(iuid  is  ftresent, 
electrical  tciiainii  is  developed.  But  even  if  the  greater  nmubor  of  these 
ex^ierimcuts  are  asHumed  to  be  correct,  they  still  admit  of  another  inter- 
t  pretation,  hi  a*x<'rduiicc  with  the  supposition  that  clu^mical  action  is  the 
»  cause  of  the  electric  tension  produced.  A  few  examples  will  pcrhafiH  make 
this  clear.  It  miint  previously  Ihj  utatud  that  in  tliese  exiK-rinients  a  gold- 
leaf  or  Btraw-ijiiuhn  t'li-ctrtuuutcr  liltud  with  a  condenser  is  used,  Tho 
lower  plate  of  the  ctitdcnser  is  screwed  on  to  the  electrometer;  the  upper 
plate  may  be  removed  by  un  inmilatiiig'  handle.  The  surfaces  of  the  two 
plates  of  the  condenser  which  touch  one  another,  are  grcmnd  very  smooth 
and  covered  with  a  thin  coat  of  varnish. 

£.*7».  1.  Both  plates  of  the  condenser  consist  of  zinc.  The  lower  zinc 
plate  is  touched  witli  a  copj>er  t:'hUe  held  in  the  hand.  If  the  ctipjK'r  plate 
be  then  removed  and  the  up]>er  plate  of  the  cot i denser  subset [uently  raised, 
the  electrometer  shows  positive  eltTtricity  m  the  lower  zinc  plate.  This 
,  plate  lias  therefore  taken  p<>sitive  electricity  fronx  the  coj)|X'r  plate  whieti 
touctied  it.  [The  oxidizinjj;  action  of  the  air  and  of  the  moisture  contained 
in  it,  sets  negative  electricity  free  in  tioth  zinc  plates:  this  negative  elee- 

itricity  is  ca.rried  away  from  tlie  lower  zinc  through  the  copjier  plate — 
accuniulatfs  with  so  much  the  greater  intensity  in  the  upper  zinc  plate — 
and  gives  rise  to  a  transference  of  jHJsitive  electricity  from  tho  hand 
tbiMjugh  the  cop]M!r  to  the  lower  jihite.] 
Erp.  2.  Both  plates  of  the  condenser  consist  of  copper.  The  lower 
is  touched  by  a  zinc  plate  held  in  the  harHh  On  subsetiuently  remo^nng 
the  zinc  plate  and  raising  the  cover  of  the  condenser,  the  electrometer 
exhibits  negative  electricity.  Consequently,  negative  electricity  bus 
pjtssed  from  the  zinc  to  the  copj>er.  [Nogiitive  electricity  accnuiulates  in 
the  zinc  which  is  in  coutaet  witli  the  nioistHre  of  the  hand  and  of  tho  air ; 
thence  it  passes  through  the  hand,  which  is  an  imperfect  conductf»r,  into 
the  lower  oopfx^r  plate,  where  it  accumulates  in  greater  «|uantity,  in  con- 
sequence of  the  condensing  action  of  the  cover ;  on  the  removal  of  the 
cover,  the  accmimlation  shows  itself.} 
^m  E.rp,  3.     The  condeueing  plates  arc  made  of  c<ippcr.     A  zinc  plate  is 

H  soldered  to  a  coi>per  plate,  and  the  lower  plate  r)f  the  c^mdenser  is  touched 
by  the  ocjpper  plate,  while  the  zinc  plate  is  held  in  the  hand.  After  \\ie 
separation  of  the  copptT  plate  and  cover,  negative  electricity  shows  itself 
in  the  lower  phi  to.     [The  same  exi>lanatiorii  as  in  Exp.  2.] 

Exp.  4.  The  same  arrangements  as  in  Exp.  3.  The  copper  plate  is 
held  in  the  hand,  and  the  lower  plate  of  the  cotnienser  touched  by  tlie  zinc 
plate,  tu^t  directly,  but  with  the  uiterposition  of  a  piece  of  moistened  paper. 
On  removing  tlje  zinc  plate  and  cover,  the  electrometer  shows  fKisitive 
electricity.  [In  constiquence  of  tin?  action  of  the  litpiid  in  the  paiicr  on 
the  zinc,  negative  electricity  accumulates  in  the  zinc,  and  positive  elec- 
tricity in  the  liquid ;  the  positive  electricity  is  consequently  conunmdcated 
»to  the  fihile  of  the  condenser.] 
That  zinc  and  other  metals  oxidate  in  the  air  at  common  temperatures 
is  proved  by  their  taniisirdiig ;  even  gold  and  |>!atinura  Ix-come  slightly 
tarnished.  An  extremely  slight  degree  of  oxidation  is  sufficient  to  give 
evideat  signs  of  electricity.    (This  is  Ukewise  shown  by  Faraday's  expe- 
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type  procesa  without  prcvioiiyly  suhjocting  it  to  the  action  of  hydroclJoric 
acid  in  tho  electric  circuit ;  but  such  treatment  jnelds  only  a  single  very 
faint  impression, — and  in  taking  this,  the  original  is  destroyed,  (Grove, 
Phil.  Mag.  19,  247;  20,  24  ;  also  J.  pr.  Ck«m.  25,  291.) 

Theohy  ok  O-alvaxism. 

1.  In  1790,  Galvani  discovered  that  the  exposed  mnsnlcs  of  lirjnff 
animals  are  thrown  into  convulsions  by  contact  with  dififerent  metaK  and 
he  eiidcavonrrd  to  explain  this  phenomenon  by  apsuming  tho  existence  of 
a  i>eculiar  khid  of  electricity,  which  he  called  Animal  Electricity.  Voha 
asorilicil  (he  i>henonienon  to  common  electricity,  which  he  supposed  to  ha 
developed  by  tho  contact  of  dissimilar  metals.  This  he  endeavoured  to 
prove  by  his  Fundamental  Expeniutrits,  in  179G.  In  1800,  he  invented 
the  ])ile  called  after  his  name — an  instrument  in  which  chemistry  was  -soon 
indebted  for  the  most  important  advances.  According  to  Volta's  Contact- 
theory,  Galvanism  or  Galvanic  Electricity  is  produced,  not   by  chemioU 

changes,  as  has  Iwen  assumed  in  the  present  work  (pp.  328 430),  but 

solely  in  consequence  of  the  contact  of  dissimilar  conducting  bodies.  On 
this  supposition,  Contact-electricity  takes  the  place  of  Chemical-electricity. 
The  loading  princi]4eH  of  Volta's  theory  are  as  follows. 

When  two  dissimilar  conductors^  e.  g.  zinc  and  copper,  tooch  one 
another,  a  very  small  quantify  of  positive  electricity'-  passes  from  the 
C<;)pper  to  the  xinc,  am!  an  eijmd  quantity  of  negative  electricity  from  the 
zinc  to  the  copper,  until  a  certmn,  but  always  very-  small  electrical  tension 
is  attained.  In  contact  with  lead,  also,  zhic  takes  |x>8itivo  electricity 
while  the  lead  takes  negative  electricity,  but  only  up  to  a  much  lower 
degree  of  intensity.  On  the  contrary',  when  lead  and  o<ipper  arc  in  orm- 
taci,  the  lead  takes  positive  and  the  copiK?r  negative  electricity ;  but  in 
this  case  also,  the  intensity  is  less  than  in  the  case  of  zinc  and  oopfier. 
In  aocordatRV  with  this  view,  an  Electric  Serifs  or  Seria  of  Intnunty  of 
conductors  may  bo  drawn  up,  proceeding,  according  to  Volta,  as  follows: 
Zinc,  lead,  tin,  antimony,  brass,  copper,  platinum,  silver,  gold,  chan^oal, 
graphite,  j>eroxide  of  manganese.  (This  series  has  since  nndergon* 
several  alterations,)  Zinc  tiikes  positive  electricity  when  in  contmrt  with 
any  of  the  cnnduc^tnrs  above  mentioned,  and  is  therefore  the  most  eleiHro- 
positive  of  them  all ;  jicroxide  of  manganese,  which  takes  negative 
electricity  when  in  contact  with  any  of  the  metals,  is  the  most  elcctn*- 
negative.  The  other  conductors  are  elect ro-jiositive  towards  all  those 
which  follow,  and  electro-negative  towards  all  which  precede  them  in 
the  series  ;  but  the  electric  tensitin  of  two  metals  is  greater,  the  farth«_ 
they  are  removed  from  one  another  in  the  electric  series. — Volta  like 
SHpjxises  that  a  grnvd  conducltir  excites  electricity  when  in  contact  wit 
watery  liquid,  the  metal  taking  the  negative,  the  liquid  the  posit 
electricity. — When  two  metals,  zinc  and  copjier  for  example,  arc  in 
tact  with  one  anotber  and  idso  with  a  watery  li(]utd,  the  positivr  ol 
tricity  accumuLited  on  the  zinc,  and  tho  negative  electricity  accumubit 
on  the  copper,  neutrdlize  one  another  through  the  medium  of  tho  liqaldr 
— whereupon,  positive  electricity  again  J>as8e8  from  the  copper  in  tho 
zinc,  and  negative  electricity  from  tne  zinc  to  the  cop|.ier.  These  qnan- 
tities  likewise  luiitc  through  tho  nie<liumof  the  liquid,  and  thus  a  ounstant 
current  is  kept^  up,  jxisitive  i.«lectricity  ijassing  from  the  c<;ip|)er  to  the 
rinc,  from  the  zinc  io  the  limiiil,  and  from  the  liquid  to  the  copper  agt'~ 
The  decom position 8,  which  tne  liquid  undergoes  during  this  prtKVfM  i 
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of  lead  (or  any  imperfectly  conducting  mineral),  ever  produces  a  current 
(Faraday);  tlie  presence  of  a  deconipnsiilile  liijuid,  whose  atoms  are  sus- 
ceptible nf  tranapoaitioir,  a[)ppars  to  he  indisj>ens!iMe. 

But  the  strttng'eHt  fibjtH-tion  U)  iho  thcDry  Lif  contact  is  to  be  found  in 
,tlie  absurdities  which  it  involves.  It  is  not,  as  p^xraday  obscT%v'8,  very 
©asy  to  underBtatid  why  the  uukuowu  force  whieh  causes  positive  elec- 
tricity to  aceuiiinlate  in  the  zinc,  and  nej^ativc  electricity  in  the  fo[>per, 
does  not  retaitt  tlit.-He  eleclricities  in  the  mctalfi,  but  allows  them  to  rouiiito 
continually  through  the  mediiun  of  the  less  perfectly  conductiug'  liquid, 
and  produce  a  coutinuotiH  cuneiit.  This  again  seonis  to  imi)ly  that  the 
decomf)osition  of  the  hquid  is  the  primary  cause  of  the  current.  Wlioever 
does  not  regard  it  in  this  light  must,  as  Faraday  haH  Khown,  admit 
the  possibility  of  Po-petual  Mutivn,  To  produce  thi.^  ]ihenonieni»n,  wo 
only  require  two  metals  and  a  liquid  wlio.se  clcnienta  do  not  c<>nibine 
with  either  of  them.  The  self-reverting  current,  coustanlly  excited  by 
these  metals,  may,  by  means  of  electro-magnetic  arrangements,  Ik;  made 
to  give  motion  to  macliinery,  without  being  weakened  and  idtiraately 
destroyed  by  this  exjxinditurc  of  force.  At  the  same  time  it  i»erhap« 
deconqMises  the  liquid,  water  for  example ;  and,  in  order  that  thi.s  liquid 
may  not  reijuire  reuewal,  the  detonating  gas  given  off  may  be  collected  in 
a  vessel  containing  B]x)iigy  platiruun,  w^here  it  will  recoinbinc  and  form 
water,  and  in  that  state  may  tlow  hack  again  to  the  nietala.  And  there 
wo  have  the  Perjtetual  Motion  complete  ! 

One  force  calls  another  into  iu^.tiou ; — friction-electricity  18  excited  by 
mechanical  force;  themio-eleetricity  is  connected  with  the  motion  of  heat; 
but  contact-electricity  proc-eeils  from  nothing, — it  is,  in  fact,  a  creation  of 
force.  (Faraday,) 

Even  eupposiiig  it  sliould  hereafter  be  proved  that  electrical  tension  is 
excited  I>y  the  contact  of  two  dissimilar  conductors,  and  that  the  contact- 
theory  in  so  for  true :  still,  mere  contact  in  a  state  of  rest  will  never  pro- 
duce a  contimtous  ciUTcnt ;  such  a  current  can  ejisue  only  from  continued 
chemical  action, — It  is  urged  im  the  f»artof  the  contact-theory  that  Btrorig 
chemical  action  is  often  accompanied  by  very  feeble  currents.  The 
chemical  theory  exjilains  this  fact  by  iwiuting  to  the  difference  between 
clcctro-chcrnical  and  [lurc  chemical  action,  the  fonner  of  which  alone 
excites  a  current.  The  contact-theory  regards  this  distinction  as  an  lui- 
demonstrated  hyiMtthcsis,  assumed  to  meet  a  particular  case.  Bntj 
according  to  the  chemical  theory,  the  distinction  is  manifest :  for  tlie 
amount  of  electro-chemical  action  is  exactly  propirtionat  to  the  quantity 
of  hydrogen  gas  evolved  on  the  surface  of  the  copjvr — and  the  iimount  of 
pure  or  ordinary  chemical  action,  to  the  qu%ntity  evolved  on  the  surface 
of  pure  zinc. 

It  ia  often  objected  to  the  adherents  of  the  chemical  theory  that  they 
do  not  sufficiently  understand  the  theory  of  contact.  May  it  not,  on  the 
other  hand,  be  safely  asserted  that  many  adherents  of  the  ctmtact-theory 
have  never  yet  given  themselves  the  trouble  to  acquire  a  thoronglii  know- 
ledge of  the  chemical  theory  ?  On  no  other  su[iposition  ia  it  ]>o8sible  to 
ex|]lain  their  frequent  citations  of  facts,  which,  hi  their  opinion,  ought 
Oimjiletely  to  overturn  the  chemical  theory,  when  in  reality  they  are  iu 
perfect  accordance  with  it; — just  as  in  fonner  days,  many  philosiqihers, 
especially  among  the  OerniaiiH,  from  too  grt-at  [lartiality  towanln  the  old 
theory  of  phlogiston,  endeavoured  to  suppirt  it  by  the  most  ingenious 
expositions,  withuut  paying  suQicicut  attention  to  the  new  antiphlogistic 
theory. 
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aiito  two  great  clagaeu — the  Magnetic  aud  the  DiaTiiagnetic,  The  foiuier 
class  includea  those  bodiee  which  exhibit  the  well  known  jjhenomena 
of  orduiary  magTietic  attraction  and  rcpnlHion, — being  atfracied,  when 
in  tiifir  natural  state,  by  fithur  pola  of  a  nuijjnet, — and,  when  shajied 
into  bars  or  rods  and  simiteiidyd  between  two  fipjxisite  niag'netic  poles 
— pointing  axitdhf,  tliut  ia  to  say,  in  a  stmight  line  iK'tvvecn  tlit>ni.  The 
bodies  belonging  to  this  class  are  aU  inetalhe  (including  oxidea  and  salts), 
viz.,  iron,  nickt-l,  cobalt,  manganese,  ehroiuiuui,  cciiuni,  titauiiuu,  palla- 
dinm,  platinum,  cwniium. — The  luagnetic  proinTlses  of  iron,  nickel,  and 
cobalt  have  long  been  known.  In  the  other  metals  of  the  sorieH,  nuij^tietic 
Buseeptibility  can  only  Le  detected  by  the  use  of  magnets  of  great  power. 
Manganese,  chroniium,  ceriinn,  titaninju,  and  oBtnium,  are  placed  by 
Faraday  in  the  magnetic  class,  because  cerlaiu  of  their  comiKninds  exhibit 
the  ordinaiy  magnetic  relations. 

The  second  or  Diamagnetic  cla.ss  inelutles  all  liquids  and  solids,  t>oth 
©rganJc  and  inorgatiic,  which  do  not  belong  to  the  magnetic  class.  Tlie 
law  which  governs  the  aclion  of  magnels  uii  these  biulies  is  as  follows, — 
A  parikle  of  a  diamuijntik  bodtf  plmcd  in  the  imijhbinirliood  of  either  pole 
of  a  viagntit  is  kkpeixeu  b^  th^it  pole.  Hence  it  foUnws,  that  a  bar  of  any 
d^amagiietJc  substance,  suspended  by  its  centre  midway  between  Iavo 
magnetic  poles  will  |Miint  et/nntonnllf/,  that  is  to  say,  at  right  angles  to 
the  straight  line  joining  the  twfi  jK)]es — that  being  the  position  in  which 
ery  part  of  it  is  at  the  greatest  (Kissible  distance  Iron)  eacli  of  tlie  p.iles; 
d  if  its  centre  be  placed  on  eitlier  side  of  the  axial  line,  the  whole 
bar  will  recede  from  tliut  lijie,  placing  itself  at  the  same  time  equatoriidly. 
A  globe  or  cube  does  not  pointy  but  exhibits  the  simple  phennmcnon  of 
repulsion. — If  two  small  balls  of  any  diaiiiagnetic  substance  be  snsj^n'oded 
between  the  two  magnetic  [loles,  they  will  be  driven  towards  one  another, 
as  if  they  were  actuated  by  mutual  attraction. — The  position  whieli  a  bar 
of  any  substauce  lakes  U[>  when  ausjieiided  horiKoutally  between  two  mag- 
netic |)ok'8  furnishes  the  Ix'st  means  of  detenniniiig  whether  it  belongs  to 
the  magnetic  or  the  diamagiietie  class ; — if  it  be  magnetic,  it  will  place 
itself  axially  ;  if  diamagnetie,  cipiatorially. 

The  diaiiiaguetic  force  ciiiinot  be  perceptibly  de%'eloped  without  the 
■use  of  exceedingly  pjwerful  magnets  :  electro-magnets  answer  the  pur- 
pose best ;  hut  large  permanent  magnets  may  also  be  used.  The  great 
power  recpiired  to  devch>p  this  mode  of  action  explains  the  reason  of  its 
Laving  been  previously  overlooked. 

Bismuth  apr>ears  to  W  the  most  p<jwerfully  diamagnetie  of  all  sub- 
BtanccH ;  then  follows  phospbonis,  then  antimony,  then  heavy  glass  (siUco- 
borate  of  lead). — Among  the  inetuls,  the  order  of  diamagnetie  energy 
appears  to  l>e  as  follows  :  liisnnitb,  anthnony,  zinc,  tin,  cadmium,  sodium, 
mercury,  lead,  silver,  copjjer,  gold,  arsenic,  uranium,  rhodimn,  iridium, 
tuitgsteii. 

^ome  remarkable  results  are  obtained  when  solutions  of  magnetic 
litjuids  in  sealed  tubes  are  su8i>ended  in  vessels  tilletl  with  solutions  of 
similar  natmr,  but  different  strength,  and  placed  Ix'tween  the  magnetic 
pok'S.  For  insjtanc*,  protosuljihate  of  iron  is  a  magnetic  substance,  being 
attracted  by  tlie  magnet,  and  pi>inting  axially  between  tlie  poles.  Now, 
water  being  a.  diamagnetie  lii|uid,  it  is  jHissible,  by  vaiyiiig  the  strength 
of  an  aqueous  solution  of  protosuljthate  of  inui,  to  make  it  either  mag- 
netic, intiifferent,  or  dianiagnetic,  when  sns{>ended  iu  air.  Suppose,  then, 
two  solutions  of  this  salt  to  be  prepared  of  different  strengths,  but  such  as 
to  be  both  maguctic  in  air.    Let  one  of  these  solutions  be  put  into  a  glass 
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tube,  and  the  other  into  a  jar  within  which  the  tube  is  to  be  gnspended,— 
the  opposite  jjoIcs  of  a  powerful  eU'«tio-inagiiet  VMnng-  placed  on  either  side 
of  the  jar.  Then,  if  the  tube  be  su8jx>ndod  horizontally,  with  its  centre 
midway  Imtweeu  the  jKiles,  it  will  jilaco  itself  in  the  axial  or  eqnatoriiJ 
position,  accordingly  as  the  solution  which  it  contains  is  stronger  or 
weaker  than  that  iu  the  jar; — and  if  it  Ihj  suspended  vertically  near  lo 
one  of  the  iwles,  it  will  be  attracted  in  tlio  former  case  and  reiJuUed  i« 
the  latter. 

These  results  suggest  the  consideration  whether  the  magriGticand^A* 
magnetic  conditions  of  matter  may  not  be  racrely  relative, — whether,  in 
fact,  all  bodies  may  not  be  magnetic  in  different  degrees,  f  -  "  '  •'>ne 
great  serioa  from  end  to  end,  with  air  in  the  middle.     This  kh  i  i« 

considerably  strengthened  by  a  review  of  the  magnetic  and  tiiaiiiafructic 
conditions  of  gases  to  be  immediately  described.  A  great,  if  not  insuper- 
able, objection  to  it  is,  however,  tlmt  it  would  obligtj  iis  to  admit  that 
mere  siiaco  is  magnetic, — since  bismuth  and  all  other  diamagiiotic  bodim 
exhibit  the  same  phenomena  in  vacuo  as  in  air.  Faraihiy,  there/ores, 
incliiif'H  to  the  fiup|iosilion  that  diamagnetics  have  a  specific  action  wtJ- 
thetically  distuict  from  that  of  ordinary  magnetic  action.  (Ksrperunatal 
liesearchoi  in  Eieclrictli/,  Series  20  and  21,  Phil.  Tram.  1846,  I.  21.) 

Air  and  other  gas<.'8  exhibit  decided  magnetic  and  diama^ 
relations.  In  his  first  expeiiment.s  on  this  subject,  Faraday  wa«  It 
i\i<;  eouehision  that  gaseous  hocUes  were  uidifferent  to  magnetic 
forming  the  zero,  or  middle  jH>int,  between  the  two  classes  of  mA| 
and  diamagnetic  bodies.  Bancalari  has  however  since  disc^ivened  iha! 
liiimo  possesses  diamagnetic  projKirties  ;  and  Zantedcschi  has  shown  tli*l 
air  and  other  gases  likewise  exhibit  diamagnetic  relations.  The  nv 
searches  of  those  Italian  philosophers  have  been  coofirmod  and  cxtcmW 
by  Dr.  Faraday  :  tho  following  are  the  principal  results. 

An  arrangement  was  made  by  which  a  stream  of  any  g»8  could  be 
delivered  in  a  vertical  direction,  cither  upwards  or  downwards,  near  tJ* 
middle  fKiint  of  tJic  axial  line,  butween  two  yiowcrfnl  magnetic  polet^ 
opiMisite  names,  but  at  a  short  rlistancc  on  one  side  of  that  line.  By  I 
arrangement  it  was  foimd  that  the  following  gases  were  driven  away! 
the  magnetic  axis  and  jMissod  off  in  tlie  eqwatorial  direction — that  is  <• 
say — they  exhibited  diamagnetic  relations  with  regard  to  atmc 
an- :  Nitrogen,  hydrogen,  carboiuo  uciil,  carbonic  oxide,  coal-gas, 
gas,  sulphtirous  acid,  hydrochloric  acid,  hydriodic  acid,  fluoride  of 
ammonia,  chlorine,  nitrous  oxide,  and  the  vapours  of  bromine  and 
Nitric  oxidi!  and  hy|ionitric  acid  were  also  slightly  diamagnetic  in 
Oxygen  was  strongly  magnetic — that  is  to  say,  it  was  drawn  towanU  Ihr 
axis,  and  tlicji  along  it  iu  opposite  directions  towards  the  two  |)Olos,  roaild 
which  it  accumulated. 

The   first  mentioned   gases    evidently   differed   from   each 
diamagnetic  energy  ;  but  it  was  found  impjssible  by  the  means 
described   to  form   anything  lik«'  a   precise   estimate   of   their 
IH>wer8.     To  determine  this  jjoinl,  the  niagnelic  poles  were  surroi 
with  an  atmosphere  of  oi»e  g.is,  while  the  other  gas  wug  directed 
vertical  stream,  either  njiwards  or   downwards,  near   the  axial 
iK'fore.     liy  this  method   it  was    foiitid   that  (\)   In  carboHw  add  ftK 
Air  am!  oxygen   passed  axially ;  nitrogi-n,  hydnigen,  coal  g«a, 
gas,  hydrochloric  acid,  and  anmionia,  equatorially :  so  also  did 
oxid<'  ajid  nitrous  oxide, — hut  the  action  was  feeble.     (2).   /» 
Air  ap}>earcd  magnetic,  though  but  slightly ;  oxj'gon  waa  strongljr  mt 


MAGNETISM. 


017 


netic  : — nitrogen  was  strongly  diamagnetic ;  olefiant  gas,  carbonic  oxide, 
and  carbonic  acid,  feebly  so.  (3)  In  /it/drofjejt  ffos :  j-\ir,  when  fn.^c  from 
Bmnkc,  passed  axially ;  but,  when  mixed  with  smoke,  it  wan  either  indiffe- 
rent or  pushed  equatnrially ;  liydrngen  gas  ami  atmospheric  an*  soem  to 
be  not  far  ri; moved  from  one  auotiier  in  tiie  scale.  Oxygen  was  strongly 
magnetic  ;  nitric  oxide  also  magnetic,  but  in  a  less  degree.  Nitrogen  was 
strongly  diamagnetic ;  nitrotis  oxide,  caritionic  oxide,  carbonic  acid,  and 
defiant  gaa  were  also  diamagnetic  ;  hj-druchh^ric  acid  and  chlorine 
ebghtly  so. — Oxygen  appears  to  be  the  most  magnetic  (or  least  diamag- 
netic) of  all  gaaea. 

When  a  Kpiral  of  platinum  wire  was  placed  just  below  the  middle 
point  of  the  axial  lino  and  ignited  by  a  voltaic  cuiTont,  the  stream  of  hot 
air  wliich  rose  up  agiiinst  the  axiid  line  was  deflected  at  right  angles  to 
ttio  axi-t^,  and  passed  off  in  the  equatorial  direction.  The  aiuue  effect  was 
obtained  in  oxygen,  carbonic  acid,  and  coal-gas.  Hence  it  apjx^arn  that 
a  heated  gas  is  diamagnetic  to  the  same  when  cold. — A  stream  of  cold 
air  directed  downwards  near  the  axial  line,  was  drawn  towards  that  line. 

The  flame  of  a  wax  taper  or  of  burning  ether  al.no  takes  an  e<juatotial 
direction  when  placeil  in  ov  near  the  middle  of  the  axin!  line.  \\"hen 
placed  a  little  on  one  side  of  tiie  axis,  it  is  directed  away  from  that  line, 
just  as  if  a  gentle  wind  were  blowing  upon  it  in  that  direction.  Wheu 
made  to  rise  exactly  in  the  axial  line,  it  di^ndes  itself  into  two  Itmg 
tongues,  directed  at  right  angles  to  the  axis.  This  effect  is  particularly 
striking  with  the  large  flame  produced  by  setthig  fire  to  a  ball  of  cotUtu 
soaked  in  ether.  These  effects  are  cvTidently  analogous  to  those  just 
described  with  hot  air;  but  they  are  douhtless  partly  due  to  the  solid 
cnrbiuiat^eoua  particles  in  the  flame,  wliich  are  known  to  Ikj  diamagnetic. 
In  corrc>l)oration  of  this  supposition,  it  is  found  that  the  brightest  flames 
are  the  most  strongly  diamagnetic.  (Faraday,  JPhil,  Mttff,  J.  31,  4U1  j 
Bee  also  ZaQledcBuhi,  31,  421.) 


In  the  Bakerian  lecture,  delivered  before  the  Royal  Society  on  the 
7th  of  December,  18  IS,  "  On  flit.  Cn/stfinitie  Polarity  of  Bismuth  and 
other  Bodies,  and  its  relation  to  the  Magnetic  Fonn  of  Force," — Dr.  Faraday 
etates,  that,  in  preparing  small  cyrindci'H  of  biKinuth  by  casting  thcin 
in  glass  tubes,  he  had  often  l»een  embarrnsse*!  by  the  anomabma 
results  which  tliey  gave,  and  that  having  determined  to  investigate 
the  matter  clonely,  the  enquiry  ended  in  a  reference  of  the  effects  to 
the  ciystallinc  condition  of  the  bismuth,  as  may  be  thus  briefly  stated. 
If  bismuth  be  crystallized  in  the  rirdiuary  way,  and  then  a  crysfid  or  a 
group  fif  symmetric  crystals  be  selected  and  eusj'ended  in  the  magnetic 
field  between  horizontal  poles,  it  inunediately  either  points  ui  a  given 
direction  or  vibratos  allK)ut  that  position,  as  a  small  magnetic  needlo 
would  do, — and,  if  disturbed  from  this  f^nsition,  it  returns  to  it.  On 
re- BUS] tending  the  crystal,  so  that  the  horizontal  line  which  m  transverse 
to  the  magnetic  axis  shall  become  tlie  vertical  Une,  the  crystal  points 
with  its  maximum  degree  of  force.  If  it  be  again  ro-sii8i>ended  so 
that  the  line  parallel  trj  the  magnetic  axis  be  rendered  vertical, 
the  crystal  loses  all  directive  force.  This  line  of  direction,  which 
tends  to  place  itself  parallel  to  the  loagnetic  axisj  the  author  calls  tlie 
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"     1  -v^  (»f  the  cryntal.    It  is  verpemSakm,  mr 
mont  |>crfccl  «>f  the  four  c'R-avagt?-pl«»B»  of  ( 
^  r^tnlH  u(  bismuth.     W h«»tlien  " ' 
'  i-st'  t<>  tliv  utuKiii'tic  11X18,  the 
'     iN>lv  or  fn>ni  ihf  strougw  of 

I  no  wiiy  iiffivK-d.     If  the  crjmtal  bel 
'  '"■  (I,  and  tlif  inotal  then 

tic  )>liiM)oincuii  t-emain,  bvt ' 

I  ■  '     •  oufiiBtKl  and 

^  '  ill, Cut  of  bismflth 

K'   cryatnlBtd 

lIUc  axis  beiiitgv  ■■ 

and  tlic  external 

I  I  .>'S  place  when  tkvi 

,«  ,11  .A(iiu.;/w  *>c  uLcu  it  \»  iinmereed  ii 

V  I   Mil)  irtd  with  as  much  force  apfMunndjr  w  if 

;  iiilrrvcii  "f  thecryvtalin  tlie  magrnetie  Ml  ii 

I  l>y  the  ■>:  .  vxtra  wagwfts  or  of  soft  iron  ;  hmH  tke 

uttributoK  this  rvsuit,  not   to  taj  attractive  or    repoWw  fcnt 

I  on  the  bisrnnth,  bat  only  to  the  ifalnitiince  of  the  linea  of  ioRi 

«H  iVHiiltuiitts  of  action,  bj  whkk  they  acqiiire,  as  it  wcte»  Be« 

t^(M«H     Tlic  luw  n  appeal*  to  be  that:  tkt  mm  or  axi»  of  mi^f^ 

Vf^lriHiitk  furce  teiuia  to  place  itattf  pmmtkl,  orm   9  taitfuitf  to  dtt  m^ 

%thil^  tmrve  or   lint  of  magmetie  Jbrre  pammj  tknmfk  tht  plaee   tekmt  it 

qrytlnf  M  sitwUed.     lifDcc  the   crystal  chaogva  ila  ditectioai  with  lay 

^UkUK*'  "'    thc^'  lines.     After  noticing'  the  magne-cxystalie  irmiBt^ 

Vtif  vnrioiM  bodiefi,  the  author  enters  upon  a  oonaidimitioQ  of  Ak  Mftvt 

«(/'  iKt   mngnt-cryttulUc   f'trct.      In    the    first    place,   bo   ezamines 

wh«»th«r  a  crystal  of  bismuth  has  exactly  the  aame  HMMmt  of 

»hut,  diaaiaKn<'"t>»J  or  otherwiBC,  when   presenting'  it«         _  _ 

ik.\iti   var»iUl  or  traiurene  to  the   lilies  of  magnetic  fonae  acting' 

it.     Vnr  this  purpose,  the  crystal  wa«  tsuspiended  either  from  a  tfi 

baUrice   or   as   a   pendulum   thirty   feet   in  length  ;   bat   whmtoirer  tiw 

|i(«i(liin  of  the  mugiie-crystallic  axis,  the  amount  of  repiMtm  was  tha 

AuMio.     In  other  experiments^  a  vertical  axis  was  ooiHtiwstod  of  oocoea 

«iklk,  iind  till*  body  to  lie  exnniincd  was  attached  at  right  aaglea  to  it,  ••  s 

(vtUiiiM.     A  iiriNinnlit;  crvrttal   i>f  sulphate  of  iron,  for  inatanoe,  whiat 

bu^lli  WAH  tour  timuo  itM  breadth,  was  fixed  on  the  axis  with  tta  hngth 

aa   t'udiiu*  an<l   iiH   ina^^ne-cryHtallic  axis  horizontal,   and    tliere/oiv  « 

UthKeiit :  then,  w  iu'n  this  crystal  was  at  rest  under  the  torwoQ  foroe< 

tlui  uxiH,  an  elect ro-magtietic  pole,  with  a  conical  terminatioo, 

glared  that  the  axitil  line  of  magnetic  force  should  be,  whett  «! 

vlili<|ue  to  Ixith  the  length  and  the  magnc-cryHtallic  axis  of  the  oytHaii 

itiid  the  coniM-<incnoe  was,  that,  when  the  eU^^nric  current  drcolalfd RMmI 

tho  miigni't,  tlte    crystal   :ictua]ly  recfdfd   from  tlie   magnet  OMiar  th>. 

Lulhicni-e  of  tiie  rr>r(<-,  wliich  t«'nded  to  place  the  magne-djMaHic 

uMKiX'ti''  »xiH  |iariillel.     Kmploying  a  cryRtal  or  a  plate  of  bianaih* ' 

IhuIv  rotdd  Ih>  uittde  to  approach  the  magnetic  pole  vnder  ^km  v' 

ti.i  'iiiuin>i-.i  I  \  Kt:i11ii'  force;   and  this  force  IS  80  Strong  aa  to  i 

>r  the  magnetic  body  to  approach  or  of  the  diatnsg^ 

when  it  is  exerted  in  tlie  contrary  directimu     HeMS 

'  s   Ihiit  it   is  neither  attraction  nor  rrpnlaioB  that 

i^  :   ./.   ileteraiines  the  final  position  of  a  xnagne-ciTataDio 
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body.  He  next  conaidere  it  as  a  force  dependant  upon  the  crystallitie 
condition  of  the  body,  and  therefore  associated  with  the  ori^nal  mnlccular 
forceft  of  the  matter,  lie  shows  exiieriincntally  thut  as  the  iuaf:riiet  can 
move  a  crystal,  so  hkewise  a  crystal  ean  move  a  magnet.  Also  that 
heat  takes  away  the  pdwi.-r  just  befori'  the  crystul  fuses,  and  that  cooling 

»  restores  it  to  itR  original  tlireetion.  lie  next  coiuiiders  whether  the 
effects  are  due  to  u  force  altni^elher  "dgiual  and  inherent  in  the  crystal, 
or  whether  that  which  appeura  in  it  in  imt  partly  indiia.-d  l)y  the  mag^netic 
and  eleetrie  forces  ;  and  concludes  that  the  force  manifcKled  in  ihe 
mag^netic  fieUl,  which  appears  by  oxtornal  actions  and  causes  the  niotii»a 
of  the  ma.ss,  is  chielly  and  almost  entirely  iwlw.eiL  in  a  manner  subject 
indeed  to  the  crystalline  furce  and  additive  to  it,  but  at  the  same  time 
exalting  the  force  and  the  eflecta  to  a  dej^ree  which  they  could  luit  have 
approached  without  the  induction.  To  tliiH  part  of  the  force  he  apphea 
the  word  Mafftifto-crt/iitaUk;  in  contraiiistinction  to  magne-crystatlic, 
which  is  employed  to  express  the  condition,  or  quality,  or  fniwcr  which  J 

»  belongs  eBsentialty  to  the  crystal     {Athenaeum,  No.  110^,  p.  12(iG.)  ^^k 

The  somewhat  anomalous  effects  describt^d  in  the  preceding' j)araji;-rapli         ^^B 
have  been  reduced  to  a  general  law  by  tlie  reflearches  of  Tyndall  and  ] 

Knoblauch,  who  have  shown  that  when  the  (wirticles  of  a  hivjy  arc  more 
closely  packed  in  one  direction  than  in  cttlicra,  this  direction — other 
circumtJtanccB  being  the  same — is  the  one  on  which  the  forces  acting 
upon  the  body  are  exerted  with  tlie  greatest  energv,  and  cotisetjnently 
this  line  of  direction  places  itself  axial ly  or  eqnatorially  between  the  poles 
of  a  magnet  acx-ording  as  the  body  is  magnetic  or  diamagnetic.  Thus  a 
cylinder  of  carbonate  of  iroo  made  into  a  paste  with  gnm,  places  itself 
axiall}',  if  of  uniform  density  in  all  directions  ;  bnt  if  the  paste  bo  reduced 
by  pressure  to  a  thin  cake,  a  bar  nr  needle  ffmiied  uiit  of  it  will  jilaeo 
itself  eqnatorially  Ix^tween  the  poles,  even  if  its  leng-th  be  ten  times 
as  great  as  its  breadth.  Conversely,  a  bar  formed  of  a  paste  of  bismuth- 
filiiigs  and  gum,  which  places  itself  equaturially  if  of  uniform  density,  will 
assume  the  axial  position  if  the  paste  be  compressed  transversely  to  the 
length  of  the  bar. 

The  effects  observed  in  crystals  of  bisnmth  and  other  substances  are 
of  the  same  nature.  That  the  molecular  structure  « if  crystals  is  not  the 
same  in  all  directions  is  evident  froju  their  optical  relations,  their  rates 
uf  expansion  ami  their  heal-CHnducting  fniwers.  The  direction  in  which 
they  phwe  themselves  niider  the  intlueficc  of  a  magnet  is  determined  by 
tlietr  relative  densities  in  different  directions,  iu  tljc  same  manner  as  in  the 
artiKcial  slnictures  above  mentioned. 

It  is  not,  however,  the  direction  of  the  axes  of  a  crystal  that  ulti- 
mately determines  the  position  which  it  assumes  under  the  inllueiice  of  a 
magnet,  bo  much  as  that  of  the  planes  of  cleavage,  these  plant's  taking 
the  axial  directioti  when  the  crystal  is  magnetic,  and  the  eqMalorial  if  it  is 
diamagnetic. 

Thus,  if  two  cubc^s  be  formed  of  the  same  dimensions,  one  from  a 
crystal  of  beryl,  the  other  frota  scapolite,  lnuth  of  which  are  magnetic,  the 
former  will  jJace  itself  with  its  principal  axis  crjnatorially  between  the 
magnetic  poles,  the  latter  axially,  because  in  berj^l  the  cleavage  planes  are 
lH>rpendicular  to  the  axis,  whereas  in  scajxilite  they  are  parallel  to  it. 
Conversely,  a  cube  of  nitre,  which  is  tjiamagnctic,  pljices  itself  with  the 
princi|)a!  axis  equatorial,  whereas  a  cube  of  topaz,  also  diamagnetic,  takes 
up  the  ot.>ntrary  position,  because  the  cleavage  planes  of  nitre  are  parallel 
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Maffne-cnfstallic  Axis  of  the  crj'stal.     It  is  perpendicular,  or  nearly  so, 
to  thehrig^htcst  and  most  perfect  of  the  four  cK^avage-plarjea  of  thecrvKtAl. 
It  is  the  Kume  for  all  cryBtala  cpf  bisruuth.     Whether tliis  mag-ne-crystallic 
axis  ia  jmrHllel  or  transverse  to  tlie  maju:netic  sixis,  the  bismuth  is  iu  must 
cases  reiX'Ued  from  a  single  ptilc  or  from  tlie  BtrongtT  of  two  jwles,  ita 
diamagiietic  relations  Ix'iiig^  in  no  way  afft'Cted,     If  the  crystiU  be  broken 
up,  or  if  it  be  fust-d  and  rt-fiolidififd,  and  the  metal  then  subjected  to  the 
action  of  tlie  magnet,  the  diamagnctic  phenomena  remain,  but  the  niagne- 
crj'stallic  results  di.sapfjear,  because  of  the  confused  and  opfKi.sing' cryslal- 
linu  condition  of   the   various  parts.     If  an   ingot  of  bisinuth   Iw^  broken 
up,  and   fragmeiitarv  ])latcs  selected  which    are   crystaUized   uniformly 
tliroiifjhont,  ibesc  also  piiint, — the  uiagiie-crvstallic  axis  being',  as  bc'iuTO, 
perpendicular  to  the  cliief  jtlane  of  cleavage,  and  the  external  form,  in 
tliis  respect,  of  no  consequence.     The  effect  takes  jilace  when  the  ciystal 
is  surrounded  by  nuisscs  of  bismuth,  or  when  it  is  immei"sed  in  water  <iT 
solution   of  Bulithate  of  iron,  aud  with  as  much  force  apparently  as  if 
nothing  intervened,     The  position  of  the  crystal  in  the  magnetic* field  is 
afleeted  by  the  approximation  of  extra  magnets  or  of  soft  iron  ;  but  the 
author   attributes  this  result,  iu>t   to  any  attractive  or   refiulsive  force 
exerted  on  the  bismuth,  but  only  to  the  disturbance  of  the  lines  nf  force 
or  resultants  of  magnetic  action,  by  which  they  acquire,  as  it  were,  new 
forms.     The  law  of  action  apjX'ars  to  ho  that :  Me  line  or  axis  of  magnt' 
crifstallic  force  /tvirfo   (o  plaice  itself  parallel^  or  as   a  tangent,   to   (he  mag- 
netic   curve   or    line   of  nnujnctic  force  pacing    throtigh   the  pkice    trhrre   the 
cn/gtal  is  m'tiinied.     Hence  the   crystal   changes    its    (hrection   with    iiny 
change  in    these  lines.      After   noticing   the  magne-crystalUc  condition 
of  vanoua  bodies,  the  author  enters  upon  a  consideration  of  the  Hotvrt 
of  the   7nagne-cn/sl(illic  fnree.      In    the    first   place,   he   examincH   closely 
whether  a  eryst.al  of  bisnmth  has  exactly  the   same   amount  of   repul- 
sion,  diamagnctic   or   otherwise,  when    presenting  its   magno-cr>'8tallic 
axis  parttUd   i>r   tramtverse  to  the   lines   of   magnetic  force  acting  upon 
it.     For  this  purptjse,  the  ciystal  was  susitended  either  from  a  torsion 
balance   or   as    a   tKJiuhdum    thirty    feet   in  length  ;    but   whatever  tJie 
position  of  the  magne-cryHtallic  axis,  the  amount  of  repidsion  was  the 
<iame.     In  other  e\|,)enment8,  a  vertical  axis  waa  constructed  of  cooooa 
silk,  and  the  body  to  Im,'  examined  was  attacliod  at  right  angles  to  it,  as  t 
radius.      A  prisnuitic  crystal    of   sulphate   of   injii,  for  instance,  wht)iie 
length  was  four  tiuies  its  breadth,  was  fixed  <m  the  axis  with  its  length 
as    radius  aud   its   magne-crj'stallic   axis  horizontal,   aud    then»fore   as 
tangent :  then,  when  this  crystal  was  at  rest  uruler  the  torsion  force 
the  axis,  an  eledro-niugnctic  pole,  with  a  coniea!  termination,  was 
placed  that  the  axial  line  of  magnetic  force  should  be,  when  exert 
oblique  to  botli  the  length  and  the  magne-eryslallie  axis  of  the  crystal 
and  the  consequence  was,  that,  when  the  electiic  current  circulated  round 
the  magnet,  the    ciystal   actually  receded   fnun  the   magnet   under  IIm* 
influence  of  the  force,  whicii  tended  to  place  the  magne-crystallic  and  the 
magnetic  axis  parallel.     Employing  a  crj'stal  or  a  plate  of  bismuth,  th»t 
body  could  be  made  to  approach  the  magnetic  pole  under  tlio  influenee  «jf 
the  niagne-ciyslttllic  force;  and  this  force  is  so  atrong  as  to  counteract 
either  the  tendency  of  the  magnetic  Itody  to  appmach  or  of  the  diamag- 
nctic body  to  retreat,  when  it  is  exerted  in  the  contrary  direction.     IlerKt) 
the   author  concludes    that   it   is  neither  attraction  nor  repulaiun  tbkt 
Cftnsea   the  set  or  deternunes  the  linal  [Ktsition  of  a  mague-cr^'staUio 
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and  those  of  topaz  are  perpendicular  to  the  prin<^u|l  axis  of  the  crjstaL 
In  all  cases,  the  cleavage  planes  place  themselvea^idaOy  or  equatorially, 
according  as  the  crystal  is  magnetic  or  diama^etic.  The  manner  in 
which  this  result  is  produced  will  be  easily  un<ferBtood  if  we  remember 
that  a  crystal  may  be  regarded  as  an  aggregate'  of  very  thin  plates  laid 
parallel  to  each  other,  but  not  in  absolute  contact :  it  is  easy  indeed  to 
imitate  the  arrangement  artificially.  Thus  if  a  number  of  strips  of  emery 
paper,  an  inch  long  and  a  quarter  of  an  inch  wide,  be  gummed  together 
one  upon  the  other,  so  as  to  form  a  rectangular  bar,  this  bar  will  place 
itself  axially  between  the  poles^of  a  magnet  (the  emery  being  magnetic)'; 
in  fact  it  represents  a  magnetic  crystal,  having  its  cleavage  pkwes  parallel 
to  the  axis.  But  if  another  bar  be  formed,  also  an  inch  long,  of  sauare 
pieces  of  emery-paper,  a  (]^uarter  of  an  mch  broad,  having  their  surfaces 
transverse  to  its  length,  it  will  place  itself  equatorially,  because  in  that 
position,  the  layers  of  magnetic  substance  will  ta^ce  up  the  axial 
position.  If  the  paper  be  covered  with  a  paste  of  bismuth  powder  instead 
of  emery,  the  effects  will  be  exactly  opposite. — {Traitd  aEIectndte,  par 
A.  Dc  la  Bive,  Paris,  1854,  tome  L  pp.  516—529.) 
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